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Soil  Erosion 


Soil  and  cìvilization.  The  modem  phenomenon  of  soil  ero- 
sion. N ormai  and  accelerated  erosion.  Accelerated  erosion  a 
vital  problem  i?i  the  New  World.  The  destruction  of 
ancient  empires  by  erosion.  Western  Europe^s  irrmrunity. 
The  rapid  developnent  of  the  Neiv  World  as  a  cause  of 
contemporary  erosion.  The  course  of  erosion.  Waste  of 
water  by  erosion  can  be  more  serious  than  loss  of  soil.  Floods 
caused  by  erosion.  The  destructive  power  of  soil-laden 
water.  Siltation.  Wind  erosion.  Erosion  as  a  problem  of  hu- 
man ecology.  Fundamentals  of  erosion  control  and  their 
politicai  and  economie  impacts. 


To 


.o  GAIN  CONTROL  ovcr  the  soil  is  the  greatest  achievement 
of  which  mankind  is  capable.  The  organization  of  civilized 
societies  is  founded  upon  the  measures  taken  to  wrest  con- 
trol of  the  soil  from  wild  Nature,  and  not  until  complete 
control  has  passed  into  human  hands  can  a  stable  super- 
structure  of  what  we  cali  civilization  be  erected  on  the 
land.  The  great  advances  in  science  and  particularly  in 
transport  during  the  last  hundred  years  bave  enabled  civil- 
ized men  to  penetrate  into  every  corner  of  the  earth,  carry- 
ing  with  them  the  mixed  blessings  and  curses  of  civilization. 
They  bave  planted  the  tree  of  European  civilization  over 
four  continents,  and  in  some  places  it  has  appeared  to 
thrive.  But  scarcely  anywhere  has  it  taken  fìrm  root  in  the 
soil,  f or  European  men,  despite  their  skill  and  power  over 
Nature,  bave  leamt  only  bow  to  cultivate  European  soils 
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in  a  European  climate.  Modem  civilization,  outside  Eu- 
rope, is  more  Kke  a  plant  that  will  burst  its  bud  and  blossom 
for  a  short  time  in  a  vase  than  like  a  tree  that  will  grow 
indefìnitely  with  its  roots  in  fertile  soil.  Ali  seems  well  with 
the  plant  while  it  continues  to  blossom;  but  the  flower  soon 
f  ades  and  the  plant  on  which  it  blossomed  dies. 

AH  seemed  well  with  civilization  in  the  century  of  ex- 
pansion  that  foUowed  the  Industriai  Revolution.  It  was  a 
beneficient  growth  destined  to  take  possession  of  the  world, 
and  to  receive  a  new  lease  of  life  in  the  countries  of  the 
New  World  as  it  grew  old  and  declined  in  Europe.  But  for 
some  years  before  the  Great  War,  faint  and  usually  un- 
noticed  signs  were  appearing  that  the  early  promises  of  the 
new  countries  were  not  to  be  fulfiUed.  The  economie  de- 
pression  of  the  late  nineteen-twenties  brought  matters  to  a 
head.  The  depression  made  the  peoples  of  the  world  take 
stock  of  their  position.  They  felt  that  the  structure  of  civ- 
ilization was  tottering,  and  those  that  lived  on  the  ground 
floor,  near  to  the  earth,  began  to  investigate  the  stability  of 
the  foundations  in  the  soil.  Those  in  the  upper  stories,  de- 
voted  to  industry,  politics,  sciences  and  nearer  to  the  light 
and  sun,  were  f  uUy  occupied  in  propping  up  their  tottering 
dwelling  places  and  gave  no  thought  to  the  foundations, 
without  which  ali  their  efforts  would  be  vain.  Only  within 
the  last  few  years  has  some  of  the  shakiness  in  the  upper 
stories  been  traced  to  the  crumbling  foundations. 

For,  as  the  result  solely  of  human  mismanagement,  the 
soils  upon  which  men  bave  attempted  to  found  new  civili- 
zations  are  disappearing,  washed  away  by  water  and  blown 
away  by  wind.  To-day,  destruction  of  the  earth*s  thin 
Uving  cover  is  proceeding  at  a  rate  and  on  a  scale  un- 
paraUeled  in  history,  and  when  that  thin  cover— the  soil— 
is  gone,  the  fertile  regions  where  it  formerly  lay  will  be 
uninhabitable  deserts.  Already,  indeed,  probably  nearly  a 
million  square  miles  of  new  desert  bave  been  f ormed,  a  far 
larger  area  is  approaching  desert  conditions  and  throughout 
the  New  World  erosion  is  taking  its  relentless  toU  of  soil 
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fertility  with  incredible  and  ever  increasing  speed.  Science 
produces  new  aids  to  agriculture— new  machines  that  do 
the  work  of  a  score  of  men,  new  crop  varieties  that  thrive 
in  climates  formerly  considered  too  harsh  for  agriculture, 
new  f  ertiJizers  that  doublé  and  treble  yields— yet  taken  the 
world  over  the  average  output  per  unit  area  of  land  is  fall- 
ing.  There  is  a  limit  to  the  extent  to  which  applied  science 
can  temporarily  force  up  soil  productivity,  but  there  is  no 
limit  except  zero  to  the  extent  to  which  erosion  can 
permanently  reduce  it.  A  nation  cannot  survive  in  a  desert, 
nor  enjoy  more  than  a  hoUow  and  shortlived  prosperity  if 
it  exists  by  consuming  its  soil.  That  is  what  ali  the  new 
lands  of  promise  bave  been  doing  for  the  last  hundred 
years,  though  few  as  yet  realize  the  full  consequences  of 
their  past  actions  or  that  soil  erosion  is  altering  the  course 
of  world  history  more  radically  than  any  war  or  revolution. 
Erosion  is  humbling  mighty  nations,  re-shaping  their 
domestic  and  extemal  policies  and  once  and  for  aU  it  has 
barred  the  way  to  the  El  Dorado  that  a  few  years  ago 
seemed  almost  within  reach. 

Erosion  in  Nature  is  a  benefìcent  process  without  which 
the  world  would  bave  died  long  ago.  The  same  process, 
accelerated  by  human  mismanagement,  has  become  one  of 
the  most  vicious  and  destructive  f  orces  that  bave  ever  been 
released  by  man.  What  is  usually  known  as  'geological 
erosion'  or  'denudation'  is  a  universal  phenomenon  which 
through  thousands  of  years  has  carved  the  earth  into  its 
present  shape.  Denudation  is  an  early  and  important  process 
in  soil  formation,  whereby  the  originai  rock  material  is 
continuously  broken  down  and  sorted  out  by  wind  and 
water  until  it  becomes  suitable  for  colonization  by  plants. 
Plants,  by  the  binding  eff ects  of  their  roots,  by  the  protec- 
tion  they  aff ord  against  rain  and  wind  and  by  the  fertility 
they  impart  to  the  soil,  bring  denudation  almost  to  a  stand- 
stili.  Everybody  must  bave  compared  the  rugged  and  irreg- 
ular  shape  of  bare  mountain  peaks  where  denudation  is  snll 
active  with  the  smooth  and  harmonious  curves  of  slopes 
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that  have  long  been  protected  by  a  mantle  of  vegetation. 
Nevertheless,  some  sUght  denudation  is  always  occurring. 
As  each  superficial  film  of  plant-covered  soil  becomes  ex- 
hausted  it  is  removed  by  rain  or  wind,  to  be  deposited 
mainly  in  the  rivers  and  sea,  and  a  corresponding  thin  layer 
of  new  soil  forms  by  slow  weathering  of  the  underlying 
rock.  The  earth  is  continuously  discarding  its  old,  wom- 
out  skin  and  renewing  its  living  sheath  of  soil  f rom  the  dead 
rock  beneath.  In  this  way  an  equilibrium  is  reached  be- 
tween  denudation  and  soil  formation  so  that,  unless  the 
equilibrium  is  disturbed,  a  mature  soil  preserves  a  more  or 
less  contant  depth  and  character  indefinitely.  The  depth 
is  sometimes  only  a  few  inches,  occasionally  several  feet, 
but  within  it  lies  the  whole  capacity  of  the  earth  to  produce 
life.  Below  that  thin  layer  comprising  the  delicate  organism 
known  as  soil  is  a  planet  as  lifeless  as  the  moon. 

The  equilibrium  between  denudation  and  soil  formation 
is  easily  disturbed  by  the  activities  of  man.  Cultivation, 
deforestation  or  the  destruction  of  the  naturai  vegetation 
by  grazing  or  other  means,  unless  carried  out  according  to 
certain  immutable  conditions  imposed  by  each  region,  may 
so  accelerate  denudation  that  soil,  which  would  normally 
be  washed  or  blown  away  in  a  century,  disappears  within 
a  year  or  even  within  a  day.  But  no  human  ingenuity  can 
accelerate  the  soil-renewing  process  from  lifeless  rock  to 
an  extent  at  ali  comparable  to  the  acceleration  of  denuda- 
tion. This  man-accelerated  denudation  is  what  is  now 
known  as  soil  erosion.  It  is  the  almost  inevitable  result  of 
reducing  below  a  certain  limit  the  naturai  fertility  of  the 
soil— of  man  betraying  his  most  sacred  trust  when  he 
assumes  dominion  over  the  land. 

Man-induced  soil  erosion  is  taking  place  to-day  in  almost 
every  country  inhabited  by  civilized  man,  except  north- 
westem  Europe.  It  is  a  disease  to  which  any  civilization 
founded  on  the  European  model  seems  liable  when  it  at- 
tempts  to  grow  outside  Europe.  Scarcely  any  climate  or 
environment  is  immune  from  erosion,  but  it  is  most  virulent 
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in  the  semi-arid  continental  grasslands— the  steppes,  prairies 
and  velds  of  North  and  South  America,  Australia,  South 
Africa  and  Russia  which  off er  the  greatest  promise  as  fu- 
ture homes  of  civilization.  It  is  also  the  gravest  danger 
threatening  the  security  of  the  white  man  and  the  well- 
being  of  the  coloured  man  in  the  tropical  and  sub-tropical 
lands  of  Africa  and  India.  Until  quite  recently  erosion  was 
regarded  as  a  matter  of  merely  locai  concem,  ruining  a  few 
fields  and  farmsteads  here  and  there,  and  compelling  the 
occupiers  to  abandon  their  homes  and  move  on  to  new 
land,  but  it  is  now  recognized  as  a  contagious  disease 
spreading  destruction  far  and  wide  irrespective  of  private, 
county,  state  or  national  boundaries.  Like  other  contagious 
diseases,  erosion  is  most  easily  checked  in  its  early  stages; 
when  it  has  advanced  to  the  stage  when  it  threatens  the 
entire  social  structure,  its  control  is  extremely  difficult.  In 
the  main,  unimportant  individuals  have  started  erosion  and 
been  crushed  by  it,  until  the  cumulative  losses  in  property 
and  widespread  suffering  and  want  have  brought  govem- 
ments  and  nations,  with  their  immense  powers  f or  good  or 
evil,  into  the  fray. 

In  the  United  States,  the  problem  of  erosion  has  become 
a  dominant  factor  in  national  life;  in  South  Africa,  accord- 
ing  to  General  J.  C.  Smuts,  'erosion  is  the  biggest  problem 
confronting  the  country,  bigger  than  any  poGtics.'  In  these 
two  countries  erosion  has  already  assumed  the  proportions 
of  a  national  disaster  of  the  first  magnitude,  and  has  sapped 
their  life  blood  to  such  a  degree  that  only  a  tremendous  and 
single-minded  eifort  from  a  united  nation  can  prevent  a 
f  urther  rapid  and  irreparable  decline.  Fortunately,  there  are 
signs  that  the  effort  will  be  made  in  time.  Elsewhere,  the 
same  destructive  processes  are  at  work,  but  owing  to  less 
intense  exploitation  in  the  past,  they  have  not  advanced  so 
far  as  in  the  United  States  and  South  Africa.  Nevertheless, 
govemments,  warned  by  the  example  of  the  United  States 
in  particular,  are  everywhere  being  compelle  d  to  take  note 
of  erosion,  and  when  government  stirs  it  means  that  the 
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question  involved  is  no  longer  the  concern  of  one  section, 
but  of  the  whole  of  the  community. 

That  the  ultimate  consequence  of  unchecked  soil  ero- 
sion,  when  it  sweeps  over  whole  countries  as  it  is  doing 
to-day,  must  be  national  extinction  is  obvious,  for  what- 
ever  other  essential  raw  material  a  nation  may  dispense 
with,  it  cannot  exist  without  fertile  soil.  Nor  is  extinction 
of  a  nation  by  erosion  merely  a  hypothetical  occurrence 
that  may  occur  at  some  future  date;  it  has  occurred  sev- 
eral  times  in  the  past.  Erosion  has,  indeed,  been  one  of  the 
most  potent  factors  causing  the  downfall  of  former  civih- 
zations  and  empires  whose  ruined  cities  now  He  amid  barren 
wastes  that  once  were  the  world's  most  fertile  lands.  The 
deserts  of  North  China,  Persia,  Mesopotamia  and  North 
Africa  teli  the  same  story  of  the  graduai  exhaustion  of  the 
soil  as  the  increasing  demands  made  upon  it  by  expanding 
civilization  exceeded  its  recuperative  powers.  Soil  erosion, 
then  as  now,  followed  soil  exhaustion.  The  early  home  of 
Chinese  civilization  in  the  north- west  loessial  region  now 
resembles  a  huge  battlefield  scarred  by  forces  far  more 
destructive  than  any  modem  engines  of  war.  The  sculptur- 
ing  of  that  fantastic  landscape  is  the  greatest  work  of 
Chinese  civilization.  Over  vast  areas  the  once  deep  and 
fertile  soil  has  gone  completely,  and  as  it  was  washed  away 
it  tore  gaping  chasms,  sometimes  hundreds  of  f eet  wide  and 
deep,  through  the  underlying  loess  and  deposited  the 
eroded  material  on  the  valley  plains  and  in  the  rivers  and 
sea.  The  Yellow  River  and  the  Yellow  Sea  are  aptly  named, 
for  they  are  coloured  with  the  yellow  subsoil  that  stili 
pours  into  them  from  the  now  barren  loessial  hinterland. 
Hundreds  of  miles  from  the  eroding  region,  and  for  hun- 
dreds of  miles  along  its  course,  the  bed  of  the  Yellow  River 
is  raised  higher  and  higher  above  the  surrounding  country 
by  the  continuai  deposition  of  eroded  soil,  the  headwaters, 
no  longer  absorbed  by  a  porous  soil,  tear  down  the  hillsides 
in  increasing  torrents,  and  the  most  disastrous  floods  in  the 
world,  which  were  once  regarded  as  visitations  from 
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Heaven,  are  now  normal  and  expected  occurrences.  The 
Yellow  Ri  ver  transports  an  annual  load  of  2,500  million 
tons  of  soil.  There  are  other  rapidly  eroding  regions  and 
great  muddy  rivers  in  China,  but  the  gutted  North-West 
and  the  Yellow  River  are  the  outstanding  and  eternai  sym- 
bols  of  the  mortality  of  civilization. 

So  in  Mesopotamia,  the  River  Tigris  which  once  irri- 
gated  and  enriched  the  empire  of  Babylon  and  Assyria  now 
flows  menacingly  on  a  raised  bed  of  eroded  soil  brought 
down  from  the  hills  when  the  plainsmen,  seeking  more 
water  for  their  irrigated  crops  and  more  land  to  replace 
their  exhausted  soils,  cut  down  the  bill  forests  and  were 
rewarded  with  uncontroUable  floods  that  overwhelmed 
their  fields  and  swept  away  their  irrigation  works,  those 
great  feats  of  engineering  that  assured  man's  passing 
supremacy  over  the  soil. 

On  the  desert  fringes  of  the  Persian  and  Carthaginian 
empires,  soil  exhaustion,  crop  failures  and  land  abandon- 
ment  allowed  the  desert  sands  to  encroach  relentlessly. 
The  peoples,  weakened  at  the  source  of  their  strength,  fell 
a  prey  to  human  conquerors,  themselves  doomed  to  be 
overwhelmed  by  the  drifting  sands  that  now  cover  the 
Persian  fields  where  Darius  ruled,  and  the  North  African 
plains  where  Hannibal  defended  the  rich  lands  of  Carthage 
against  the  Romans. 

But  as  the  soils  upon  which  these  ancient  civilizations 
were  founded  were  being  washed  away  or  covered  over 
with  sand  and  mud,  other  civilizations  possessing  new 
knowledge  and  powers  were  growing  up  along  the  eastem 
and  northem  shores  of  the  Mediterranean.  The  might  of 
Greece  and  Rome  had  its  origin  in  the  mastery  of  the  art 
of  continuous  cultivation  on  f orest  land— a  notable  advance 
on  the  shifting  cultivation  (stili  widely  practised  by  prim- 
itive communities)  whereby  the  forest  reoccupied  the  land 
after  a  few  years  and  compelled  the  cultivators  to  adopt, 
at  best,  a  nomadic  tribal  existence.  Continuous  cultivation 
of  forest  soils  enabled  permanent,  organized  communities 

[7] 


VANISHING  LANDS 

to  develop  in  a  more  favourable  environment  and  to  attain 
greater  heights  than  the  arid  environment  where  civiliza- 
tion  could  only  exist  by  irrigation.  Mankind,  however, 
never  completely  masters  an  art.  Shifting  cultivation,  al- 
though  it  kept  men  as  unimportant  servants  of  wild  Nature, 
maintained  soil  fertility  indefinitely,  since  the  forest  drove 
the  cultivator  out  and  re-assumed  its  beneficent  control  as 
soon  as  any  sign  of  soil  exhaustion  appeared.  Continuous 
cultivation  meant  continuous  depletion  of  the  soil  and  al- 
ways  more  def orestation  to  secure  new  land  f or  the  rapidly 
growing  community  and  to  replace  worn-out  soils.  The 
soil,  it  is  true,  was  recompensed  to  some  extent  by  manur- 
ing  and  careful  cultivation,  but  Nemesis  could  not  be  de- 
layed  indefinitely.  The  decline  of  the  Roman  Empire  is  a 
story  of  def  orestation,  soil  exhaustion  and  erosion.  Judea, 
likewise,  was  overcome  by  erosion.  From  Spain  to  Palestine 
there  are  no  forests  left  on  the  Mediterranean  littoral,  the 
region  is  pronouncedly  arid  instead  of  having  the  mild  hu- 
mid  character  of  forest-clad  land,  and  most  of  its  f ormer 
bounteously  rich  top-soil  is  lying  at  the  bottom  of  the  sea. 
No  people,  however  great  and  powerful  in  arms,  could 
maintain  its  virility  and  dominance  under  the  conditions 
that  must  bave  prevailed  1,500  years  ago  in  the  Mediter- 
ranean, and  no  dictator  except  Nature  can  restore  the  con- 
ditions that  might  allow  another  world  power  to  arise 
there.  That  the  Mediterranean  countries  bave  not  suffered 
complete  annihilation  like  the  earlier  empires  bordering  the 
deserts  is  due  to  the  comparative  rapidity  with  which  new 
soil  forms  from  the  rock  beneath.  But  soil  formation  has 
not  kept  pace  with  soil  erosion. 

In  Central  America,  Colombia,  Ceylon  and  other  trop- 
ical regions  the  ruins  of  bygone  civilizations,  that  struggled 
for  a  time  to  cultivate  the  tropical  forests,  bave  been  un- 
earthed.  Those  civilizations  were  exterminated  completely 
when  men  could  no  longer  hold  their  own  on  the  soil. 
They  succumbed  without  having  contributed  anything 
permanent  to  the  advancement  of  mankind.  When  the 
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forests  were  destroyed,  no  human  power  could  control 
the  destructive  force  of  the  torrential  rains  that  swept  the 
unprotected  soils  from  the  hills  and  flooded  the  plains,  and 
to-day  the  forest  again  rules  supreme,  showing  scarcely  a 
trace  of  the  overlordship  once  precariously  held  by  man. 

One  after  another,  the  great  empires  and  civilizations  of 
the  past  have  been  swept  out  of  existence  by  soil  erosion. 
Modem  civiUzation  in  its  birthplace  in  Western  Europe, 
although  subjected  to  many  perilous  stresses,  seems  immune 
from  the  danger  of  slow  disintegration  from  soil  erosion. 
It  is  dangerous  to  f orecast  the  future  from  present  condi- 
tions,  but  there  are  indications  that  Western  Europe  may 
already  have  passed  its  zenith  while  its  soils  remain  the  most 
productive  and  the  most  stable  under  cultivation  in  the 
world.  The  system  of  continuous  cultivation  of  forest  soils, 
evolved  around  the  Mediterranean,  has  been  gradually  per- 
fected  in  the  colder  and  moister  regions  of  the  temperate 
deciduous  and  conif erous  forest  zones.  Elsewhere,  either  in 
its  originai  or  in  modified  forms,  it  has  proven  almost  al- 
ways  unsuitable  as  a  basis  of  civilization,  and  sometimes 
immediately  disastrous,  for  no  sooner  has  European  civili- 
zation estabHshed  itself  in  a  new  country  than  soil  erosion, 
the  invariable  destroyer  of  past  civilizations,  has  set  in. 

The  soils  of  Western  Europe  have  not  eroded  in  spite  of 
being  subjected  to  the  most  intensive  cultivation  in  history 
because  the  system  of  cultivation  evolved  in  Europe  in  the 
course  of  centuries  has,  under  European  condìtions,  enor- 
mously  increased  soil  fertility— to  such  an  extent  that  to- 
day  the  agricultural  production  of  even  such  a  small  and 
industriai  country  as  Britain  equals  in  value  that  of  ali  Can- 
ada. It  has  been  argued  that  the  European  climate,  with  its 
absence  of  violent  storms  or  excessive  droughts,  is  particu- 
larly  inconducive  to  erosion,  but  it  would  be  more  correct 
to  say  that  Europe  owes  its  immunity  from  erosion  to  the 
adaptation  of  its  agriculture  to  its  climate.  The  countryside 
has  been  desecrated  and  scarred  with  ugliness  in  many 
places,  but  the  one  inviolable  condition  on  which  man 
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holds  the  lease  of  land  from  Nature— that  soil  fertility  be 
preserved— has  in  the  main  been  respected.  The  European 
farmer  has  regarded  land  as  an  inheritance  to  be  handed  on 
to  the  next  generation  in  at  least  as  good  a  condition  as 
when  he  received  it.  His  attitude  has  not  been  bom  of 
altruism  or  necessarily  of  an  innate  pride  in  his  work,  but 
is  attributable  to  the  character  of  the  naturai  forest  soils 
which  were  originally  unsuited  for  intensive  agriculture 
and  yielded  the  occupier  a  profit  proportionate  to  the  agri- 
cultural  improvements  eff ected  in  them. 

The  circumstances  in  which  the  New  World  has  been 
opened  up  and  colonized  bave  been  entirely  diff  erent.  With 
few  exceptions,  profit  and  wealth  bave  been  most  easily 
won  by  exploiting  and  exhausting  the  virgin  soils.  In  par- 
ticular,  grassland  soils  required  merely  a  superficial  culti- 
vation  to  convert  them  immediately  into  almost  ideal  arable 
soils,  rich  in  plant  food,  perfect  in  tilth,  and  apparently  in- 
capable  of  further  improvement.  Or  they  aiforded  rich 
and  extensive  pastures  without  having  to  be  touched  at  ali. 
The  occupier  of  land  was,  moreover,  a  member  of  an  em- 
bryonic  community  in  which  few  restrictions  were  placed, 
or  seemed  necessary,  on  the  use  to  which  the  land  was  put, 
while  the  insatiable  demands  of  the  Old  World  and  the 
progress  of  agricultural  science  and  machinery  off ered  im- 
mense profits  and  further  opportunities  for  exploitation  to 
the  man  who  cashed  his  soil  fertility  for  labour-saving  and 
yield-increasing  devices.  Over  forty  million  acres  of  new 
land  in  the  United  States  were  brought  under  the  plough 
during  the  war  and  immediate  post-war  period.  They  were 
exploited  to  the  utmost  to  secure  the  high  profits  obtain- 
able,  and  afterwards  they  were  exhausted  with  no  hope  of 
improvement  when  debts,  tariifs  and  nationalism  barred 
their  produce  from  oversea  markets  and  ruined  the  occu- 
piers.  To-day  much  of  those  forty  million  acres  has  been 
eroded  beyond  repair  or  has  become  'sub-marginal'  land 
to  be  lef t  for  time  and  Nature  to  restore  to  f ertiUty. 

Examples  could  be  multiplied  indefinitely  to  show  how 
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in  every  part  of  the  world  circumstances  beyond  human 
control  have  compelled  men  to  exploit  their  newly  ac- 
quired  dominions  beyond  the  limit  of  safety.  In  almost 
every  instance  where  the  limit  has  been  passed,  soil  erosion 
has  started,  slowly  and  inconspicuously  at  first  but  gather- 
ing  momentum  with  every  increasing  speed  and  becoming 
more  difficult  to  check  as  its  destructiveness  spreads.  Were 
soil  erosion  an  occasionai  isolated  phenomenon  confined  to 
a  few  mismanaged  farms,  it  could  easily  be  dealt  v^^ith,  by 
changing  the  management  or  converting  the  managers  of 
the  farms  to  other  ways.  When  it  threatens  a  whole  coun- 
try with  ultimate  extinction,  it  can  only  be  checked  by 
changing  fundamentally  the  country's  management  and 
the  way  of  hfe  of  its  people.  When  erosion  becomes  a  na- 
tional  problem  (and  there  are  but  few  regions  where  it  is 
not  one  now)  it  aifects  ali  classes  and  interests  adversely, 
causes  a  progressive  lowering  of  the  general  standard  of 
living,  and  introduces  into  the  community  a  feeling  of  in- 
security  that  is  inexplicable  to  those  who  see  only  outward 
signs  of  prosperity  and  are  blind  to  the  fact  that  the  only 
sure  f oundation  upon  which  a  superstructure  of  civilization 
can  be  built  is  a  stable  soil.  The  civilizations  of  the  New 
World,  grown  with  unparalleled  rapidity  from  European 
seed  and  nurtured  largely  on  the  politicai,  economie  and 
social  traditions  gradually  evolved  over  a  thousand  years 
in  Europe,  are  proving  entirely  incompatible  with  their 
naturai  environments. 

For  erosion  is  the  modem  symptom  of  maladjustment 
between  human  society  and  its  environment.  It  is  a  wam- 
ing  that  Nature  is  in  full  revolt  against  the  sudden  incursion 
of  an  exotic  civilization  into  her  ordered  domains.  Men  are 
permitted  to  dominate  Nature  on  precisely  the  same  condi- 
tion  as  trees  and  plants,  namely  on  condition  that  they  im- 
prove the  soil  and  leave  it  a  Httle  better  for  their  posterity 
than  they  found  it.  Agriculture  in  Europe,  whatever  its 
other  weaknesses,  has  been,  and  perhaps  stili  is,  a  practice 
tending  on  the  whole  to  increase  soil  fertility.  When 
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adopted  and  adapted  elsewhere  it  has  resulted,  almost  in- 
variably,  in  a  catastrophic  decrease  in  fertility.  The  illusion 
that  fertility  can  always  be  restored  by  applying  some  of 
the  huge  amounts  of  artificial  fertilizers  now  available  has 
been  shattered  by  the  recognition  that  fertility  is  not 
merely  a  matter  of  plant-food  supply  (for  even  exhausted 
soils  usually  contain  ampie  reserves  of  plant  food),  but  is 
also  closely  connected  with  soil  stability.  An  exhausted 
soil  is  an  unstable  soil;  Nature  has  no  further  use  for  it  and 
removes  it  bodily.  The  process  is  the  same  as  denudation, 
but  whereas  under  normal  conditions  a  fraction  of  an  inch 
of  soil  may  become  exhausted  and  be  removed  in  a  century, 
under  human  control  the  entire  depth  of  soil  may  become 
exhausted  and  be  eroded  in  a  few  years. 

Diff erences  in  the  climates  of  the  Old  and  New  Worlds 
have  undoubtedly  greatly  influenced  the  onset  and  spread 
of  erosion,  but  climate  is  never  (or  only  very  seldom)  the 
cause  of  erosion.  To-day  the  most  actively  eroding  regions 
are  the  semi-arid  Continental  grasslands  and  the  tropics,  but 
erosion  has  only  become  a  serious  factor  in  their  existence 
during  the  last  few  decades;  for  thousands  of  years  before, 
these  regions  had  preserved  a  perfect  equilibrium  between 
denudation  and  soil  formation.  It  is  a  humbling  thought 
that  modem  men,  with  their  immense  knowledge  and 
capabilities,  have  been  defeated  by  grass,  whereas  their 
ancestors  succeeded  in  the  more  difficult  task  of  subduing 
the  forest.  But  they  took  a  thousand  years  or  more  over 
the  job;  their  modem  descendants  have  acted  as  though, 
with  their  machines,  they  could  conquer  the  grasslands  in 
a  century. 

Leaving  aside  for  the  moment  the  question  of  how  pres- 
ent  agricultural  systems  and  methods  of  land  utilization 
have  produced  such  disastrous  consequences,  we  may  en- 
quire  why  these  malpractices,  which  seem  to  threaten  the 
whole  future  of  the  human  race,  should  have  been  adopted 
and  have  become  so  prevalent  in  the  newer  countries.  In 
the  first  place,  the  general  principles  and  methods  of  land 
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management  that  had  been  found  eminently  suitable  for 
European  conditions  were  the  only  ones  fully  understood 
by  the  colonizing  peoples.  Thereafter,  the  necessary  modi- 
fications  introduced  in  diff erent  countries  into  land-man- 
agement practices  were  dictated  not  so  much  by  naturai 
environmental  factors  as  by  extemal  economie  circum- 
stances,  particularly  those  created  by  the  rapidly  develop- 
ing  opportunities  for  International  commerce  throughout 
the  world.  Thus  the  development  of  land  in  new  countries 
has  not  been  a  graduai  evolutionary  process  dependent 
upon  locai  conditions,  but  part  of  a  sudden  and  explosive 
surge  of  immense  and  unco-ordinated  human  power  into 
unprepared  territory. 

While  the  present  world-wide  despoliation  of  the  earth 
and  irreparable  soil  erosion  may  be  ascribed  to  a  general 
maladjustment  of  land-utilization  practices  to  the  naturai 
environment,  the  reason  for  that  maladjustment  is  to  be 
found  as  much  in  distant  countries  as  on  the  sites  of  erosion. 
Men  have  not  been  ruining  their  newly  gained  inheritance 
for  amusement,  or  from  some  innate  destructive  instinct  or 
even  from  thoughtlessness,  but  because  under  the  circum- 
stances  and  with  the  knowledge  they  possessed  they  could 
do  little  else.  The  immediate  needs  of  the  rapidly  increas- 
ing  European  population  in  the  nineteenth  century  necessi- 
tated  an  unrestrainable  exploitation  of  new  virgin  lands 
without  regard  to  ultimate  consequences,  which  were  in 
any  case  unforeseeable.  Europe  took  everything  that  the 
new  countries  could  send,  and  the  latter  willingly  bartered 
their  life  blood  for  the  amenities  of  civilization  and  the 
opportunities  offered  for  national  and  personal  advance- 
ment.  Nineteenth-century  economy,  especially  within  the 
British  Empire,  was  based  on  the  mutuai  exchange  of  agri- 
cultural  and  industriai  produce.  That  the  New  World  was 
being  robbed  of  its  soil  and  was  being  paid  in  coin  that 
brought  no  recompense  to  the  land  never  entered  the  heads 
of  either  partner  to  a  bargain  which  seemed,  and  at  the 
time  was,  naturai,  sensible,  and  highly  satisfactory  to  ali 
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concerned.  The  price  that  has  been,  and  stili  must  be,  paid 
in  soil  and  in  the  social  security,  prosperity,  health,  con- 
tentment  and  aesthetic  values  that  go  with  it,  for  the  out- 
ward  show  of  civilization  and  wealth,  is  incalculable. 

The  successive  stages  of  soil  erosion,  and  the  extent  to 
which  a  region  or  country  is  alfected  at  each  stage,  vary 
greatly.  The  onset  of  erosion  is  usually  insidious,  its  early 
harmful  consequences  are  ignored  or  attributed  to  the 
passing  vagaries  of  season  or  climate,  and  not  until  it  has 
become  epidemie  over  a  large  area  is  the  need  realized  for 
adequate  control  measures.  The  difEculties  of  control  in- 
crease  in  proportion  to  the  amount  of  erosion  in  geo- 
metrical  rather  than  arithmetical  progression. 

The  earliest  stage  of  erosion  is  a  loss  of  fertility.  What- 
ever  the  cause  of  the  loss,  the  result  is  invariably  a  corre- 
sponding  loss  in  soil  stability;  the  soil  is  deprived  not  only 
of  its  productive  power,  but  also  of  its  capacity  for  re- 
maining  in  place.  FertiHty  is  a  term  that  should  be  applied 
to  the  soil  and  vegetation  together,  for  the  soil  derives  its 
capacity  for  producing  Ufe  from  the  vegetation,  as  much 
as  plants  derive  their  capacity  for  growth  from  the  soil. 
Apart  from  the  indispensable  plant-food  elements  and 
humus  returned  to  the  soil  by  the  dead  vegetation,  the 
living  vegetation  protects  the  soil  in  many  subtle  ways 
from  the  erosive  effects  of  wind  and  rain.  Any  loss  of  plant 
food  and  humus  incurred  in  cropping  or  cultivating  soil 
may  be  made  good  by  f  ertilizers  and  manures,  but  the  loss 
of  soil  protection  incurred  by  destroying  or  changing  the 
naturai  vegetation  can  only  be  recompensed  by  a  cultural 
system  that  produces  the  same  or  equivalent  physical 
eff  ects  on  the  soil  as  did  the  naturai  vegetation.  Thus  a  de- 
terioration  in  the  physical  properties  and  fertility  of  soil 
is  the  invariable  precursor  of  actual  erosion. 

The  most  significant  physical  deterioration  resulting 
from  cultivation  is  a  reduction  in  the  porosity  and  cohesion 
of  the  soil.  Rainwater,  that  was  formerly  absorbed  by  the 
soil,  then  runs  off  the  surface,  carrying  soil  with  it,  and 
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'sheet  erosion'  begins.  This  is  usually  unnoticed,  as  only 
a  fraction  of  an  inch  of  soil  is  removed  in  a  season,  but  the 
trouble  is  aiready  well  advanced,  f  or  the  next  layer  of  soil 
exposed  at  the  surface  is  less  absorbent  than  was  the  eroded 
layer,  the  amount  of  run-oif  water  increases  further,  and 
the  rate  of  erosion  is  steadily  accelerated.  In  a  very  short 
time,  the  run-oif  collects  in  rivulets  where  its  erosive  and 
transporting  powers  are  enormously  increased.  The  rivu- 
lets become  gullies  and  the  gullies  coalesce  to  become 
chasms,  penetrating  through  the  soil  into  the  barren  subsoil. 
Stuart  Chase  in  Rich  Land,  Poor  Land  describes  how  a 
chasm,  3,000  acres  in  extent  and  200  feet  deep,  in  Georgia, 
U.S.A.,  started  to  grow  forty  years  ago  from  water  drip- 
ping  unheeded  off  a  barn  roof  and  forming  a  little  rill  that 
became  a  rivulet  that  became  a  torrent  that  tore  away  the 
soil  and  subsoil  over  an  ever-widening  area  and  flung  whole 
farmsteads  into  the  gaping  wound.  Other  chasms  and  gul- 
lies, tributaries  of  this  greatest,  cover  40,000  acres  in  the 
neighbourhood.  Chase  likened  the  scenery  to  the  Yellow- 
stone canyon  which  Nature  f ashioned  in  millions  of  years. 
Men  bave  worked  quicker;  only  half  a  century  has  been 
needed  to  fashion  the  new  canyon  of  Georgia. 

Gullies  are  among  the  more  spectacular  results  of  ero- 
sion; without  them  the  far  more  insidious  and  widely  de- 
structive  processes  of  sheet  erosion  might  pass  unnoticed 
f or  much  longer.  Sheet  erosion  is  hke  a  wasting  disease  that 
affects  the  whole  body  but  exhibits  no  serious  outward 
symptoms  until  it  is  so  far  advanced  that  only  a  complicated 
treatment  can  effect  an  uncertain  cure.  The  ugly  scars  on 
the  landscape  produced  by  guUy  erosion  are  often  the  first 
waming  taken  that  something  serious  has  been  happening 
f  or  several  years  over  a  much  greater  area  of  stili  unscarred 
land.  For  guUy  erosion  which,  if  unchecked,  can  cause 
incalculable  havoc,  is  the  direct  consequence  of,  and  can 
only  be  controlied  by  preventing,  sheet  erosion. 

When  gully  formation  has  begun,  the  land  has  already 
lost,  apart  from  soil  material,  much  of  the  most  important 
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element  in  soil  fertility  and  stability— the  water-holding 
capacity  of  the  soil.  The  capacity  to  absorb  and  retain 
water  is  a  very  characteristic  property  of  a  mature,  fertile 
soil.  It  is  scarcely,  if  at  ali,  developed  in  bare  weathered 
rock  formations  (except  heavy  clays)  that  have  never 
carried  vegetation  and  contain  no  humus.  Normally  the 
water-holding  capacity  of  soil  is  confined  mainly  to  a  few 
inches  on  the  surface  where  fresh  humus,  formed  from  de- 
caying  plant  and  animai  remains,  accumulates.  Sheet  ero- 
sion,  by  removing  the  most  absorbent  layers,  not  only 
greatly  increases  the  amount  of  run-off  water  which  is  the 
principal  eroding  agent,  but  equally  decreases  the  value  and 
usefulness  of  the  rainfall.  In  semi-arid  countries,  where 
every  drop  of  rain  is  needed  to  maintain  some  life,  this 
consequence  of  erosion  is  far  more  serious  than  the  actual 
loss  of  soil.  The  recent  spells  of  drought  years  in  North 
America,  South  Africa  and  Australia  would  not  have  been 
so  devastating  fifty  years  ago,  as  much  more  of  the  rain 
would  have  been  held  by  the  absorbent  soil  and  utilized 
by  the  crops.  To-day  an  abnormally  high  rainfall  is  re- 
quired  to  produce  the  same  results  as  an  average  rainfall 
would  have  produced  then;  but  to-day  a  high  rainfall  also 
tends  to  wash  away  more  of  the  remaining  soil  than  a  low 
one.  Where  erosion  has  occurred,  rain  is  no  longer  an  un- 
mixed  blessing.  In  many  parts  of  these  countries  drought 
has  come  to  stay,  regardless  of  the  weather. 

What  happens,  and  does  not  happen,  when  as  a  conse- 
quence of  a  little  sheet  erosion,  a  part  of  the  annual  rainfall 
runs  off  the  surface?  In  countries  with  a  strictly  limited 
water  supply,  the  total  naturai  productivity  of  the  land  is 
immediately  and  permanently  reduced,  since  the  maximum 
productivity  is  fixed  by  the  amount  of  rain  retained  by  the 
soil  rather  than  by  the  total  rainfall.  As  run-off  is  accom- 
panied  by  erosion,  the  water-holding  capacity  of  the  soil  is 
f urther  reduced,  the  proportion  of  run-off  to  total  rainfall 
increases,  and  productivity  decreases,  progressively.  At  the 
same  time  the  underground  water  supply,  normally  f  ed  by 
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water  filtering  slowly  through  the  soil,  diminishes.  Wells 
and  springs  dry  up  or  only  flow  intermittently,  town  water 
suppHes  are  endangered  and  a  progressive  desiccation  of  the 
whole  country  is  observed.  It  is  popularly  believed  in  South 
Africa  that  the  average  rainfali— at  best,  barely  sufficient 
f  or  the  existing  population— is  decreasing,  because  droughts 
appear  to  be  more  frequent  and  severe.  The  country  is 
defìnitely  more  arid  than  it  was  half  a  century  ago,  but  the 
cause  lies  more  in  the  loss  of  the  absorbent  soil  covering 
than  in  a  f alling  rainfali,  and  the  normal  humidity,  produc- 
tivity,  and  capacity  to  supporr  a  growing  population  can 
only  be  restored  by  renovating  the  soil.  Soil  erosion  strikes 
directly  at  the  very  roots  of  South  Af  rica's  existence  and  is 
the  gravest  and  most  urgent  problem  confronting  the 
country  at  the  present  time. 

The  run-off  water  is,  however,  water,  and  it  would  not 
appear  to  be  beyond  the  capacity  of  man  to  store  or  utilize 
it  for  productive  purposes  before  it  is  lost  in  the  sea.  In 
actual  fact,  run-off  water  is  ordinarily  worse  than  useless, 
and  human  ingenuity  is  fully  occupied  in  preventing  it 
from  completing  the  chaos  started  by  sheet  erosion  rather 
than  in  utilizing  it.  The  drainage  system  of  a  river  basin 
(which  forms  a  naturai  unit  of  country  in  questions  of 
erosion  control),  has  been  shown  to  be  so  related  to  the 
topography,  soils,  vegetation  and  climate  of  the  basin  that 
it  is  perfectly  adapted  to  deal  with  the  normal  discharge  of 
water  into  the  main  river.  Widespread  floods  are  unusual 
in  regions  undisturbed  by  man.  Even  the  immense  volumes 
of  water  released  by  the  spring  thawing  of  snow  on  moun- 
tains  are  sufficiently  retained  by  the  porous  litter  and  soils 
of  undisturbed  forests  to  prevent  an  excessive  discharge 
into  the  rivers.  But  when  man  cuts  down  the  mountain 
forests  and  destroys  the  sponge-like  properties  of  the  f orest 
floor,  flood,  after  a  thaw  or  heavy  rain,  is  almost  inevitable, 
as  the  forest  was  an  essential  part  of  the  naturai  drainage 
system.  Deforestation,  with  or  without  perceptible  soil 
erosion,  of  mountain  watersheds  is,  indeed,  the  commonest 
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cause  of  recurrent  floods  the  world  over.  The  most  costly 
Works  of  mountain  flood  control  are  hopelessly  inefEcient 
in  comparison  with  actual  f orest. 

Similarly  when  naturai  grassland,  on  even  the  gentlest 
slope,  is  mismanaged  by  injudicious  cultivation,  say,  or  by 
overgrazing,  soil  fertility  is  reduced,  erosion  commences, 
and  soon  the  amount  of  run-off  water  begins  to  rise.  It  is 
not  unusual  for  the  run-off  from  a  cultivated  prairie  to  in- 
crease  in  a  few  years  from  a  normal  1-2  per  cent  to  10-20 
per  cent  of  the  annual  rainfall— i.e.  ten  times.  When  the 
whole  or  the  greater  part  of  a  naturai  drainage  basin  is 
thus  mismanaged,  the  result  is  that  enormously  excessive 
quantities  of  water  are  discharged  into  the  rivers  during  the 
wet,  and  abnormally  small  quantities  during  the  dry  sea- 
sons.  Hence  rivers  associated  with  eroded  regions  are  char- 
acterized  by  marked  irregularity  of  flow,  periods  of  flood 
being  f  ollowed  by  periods  of  very  low  water,  which  (apart 
from  flood  damage)  greatly  reduces  their  utility  for  navi- 
gation,  town  water  suppUes,  hydro-electric  power,  irriga- 
tion,  etc.  It  is  obvious  that  the  loss  and  damage  caused  in 
this  way  by  erosion  are  not  confined  to  the  eroded  regions 
but  may  extend  over  the  whole  length  and  breadth  of  a 
great  river  basin  Hke  that  of  the  Mississippi— which  in  many 
places  is  now  more  a  menace  than  a  blessing  to  the  country 
through  which  it  passes.  There  can  be  no  doubt  that  the 
increasing  frequency  and  catastrophic  nature  of  the  Missis- 
sippi floods  are  largely  due  to  soil  erosion  in  both  neigh- 
bouring  and  distant  regions. 

In  recent  years  recurrent  floods  bave  caused  havoc  in  the 
irrigated  valley  of  the  Wasatch  Mountains  in  Utah.  Since 
early  settlement  the  mountain  slopes  above  the  valleys  bave 
been  in  great  demand  for  grazing  purposes  and  in  many 
places  deforestation  and  overstocking  bave  practically  de- 
stroyed  the  naturai  vegetation,  and  advanced  erosion  and 
gully  formation  bave  occurred.  When  rain  falls  on  the 

2.  Drakensberg  Mountains,  South  Africa. 
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mountain  slopes,  it  is  as  though  it  f  eli  on  a  bare  roof ,  many 
square  miles  in  area.  The  rain  collects  in  the  gutters  f  ormed 
hy  the  gullies  and  pours  in  a  sudden  discharge  into  the  val- 
ley,  sweeping  everything  bef ore  it.  Alluvial  deposits  in  the 
valley  teli  the  story  of  floods  for  the  last  fifty  thousand 
years;  there  bave  been  none  to  equal  the  recent  floods  for 
at  least  twenty  thousand  years. 

The  task  of  restricting  the  damage  done  by,  and  of  util- 
izing  productively,  the  excessive  and  of ten  priceless  run-off 
water  is  of  the  utmost  diflìculty,  owing  to  the  f act  that  the 
water  carries  a  load  of  soil.  When  soil  is  washed  from  a 
field,  with  its  irreplaceable  content  of  vitality  and  fertility, 
it  might  be  thought  that  the  damage,  as  far  as  the  soil  was 
concemed,  was  completed,  but  it  has  only  begun.  The 
water  breaks  down  the  transported  soil  crumbs  into  their 
constituent  particles  of  sand,  silt  and  day  thereby  destroy- 
ing  most  of  the  characteristic  soil  properties  and  fertility, 
so  that  even  when  the  eroded  particles  are  re-deposited 
on  cultivable  land,  they  bave  lost  much  of  their  former 
productive  capacity.  The  transported  particles  themselves 
bave  a  powerful  erosive  efl^ect,  tearing  away  more  soil  as 
they  pass  over  the  land,  and  widening  and  deepening  gul- 
lies until  the  run-off  water  is  loaded  to  full  capacity.  The 
capacity  of  running  water  to  hold  soil  in  suspension  de- 
pends  upon  the  velocity  of  flow  and  the  size  of  the  sus- 
pended  particles;  doubling  the  velocity  increases  the  carry- 
ing  capacity  no  less  than  64  times,  and  the  size  of  particle 
transportable  1 2  8  times.  Thus  gullies,  by  continually  eating 
into  the  land  and  thereby  increasing  the  angle  of  slope  and 
the  velocity  of  run-off  water,  enormously  accelerate  ero- 
sion.  They  grow  with  amazing  rapidity  and  form  rushing, 
muddy  torrents  after  every  rain.  The  torrents  find  their 
way  into  the  tributary  rivers  and  naturai  drainage  channels 

( 

5.  Results  of  floods  of  ip^o  at  the  mouth  of  Parrish  Canyon  in 
Centerville,  Davis  County,  Utah.  Compare  damage  from  protected 
and  unprotected  canyons.  Se  e  page  18. 
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where  the  inclination  is  usually  less  and,  as  the  velocity  of 
flow  decreases,  the  coarser  suspended  particles  are  de- 
posited  on  the  river  beds.  The  river  beds  rise,  and  continue 
to  rise  with  each  deposition  of  sand,  the  excess  of  water 
pours  over  the  country  in  uncontroUed  flood.  In  time,  the 
normal  drainage  channels  become  clogged  and  new  chan- 
nels  form,  but  ivithout  regard  to  the  naturai  drainage  re- 
quirements  of  the  regìon.  The  result  may  be  heavy  flood- 
ing  and  waterlogging  in  some  parts,  overdrainage  in  others, 
further  extensive  erosion  and  landslides— in  short  the  dis- 
location of  the  productive  mechanism,  whether  naturai  or 
man-controUed,  of  the  entire  region. 

Besides  a  tendency  to  flood  and  irregularity  of  flow,  a 
further  characteristic  of  rivers  associated  with  eroding 
regions  is  muddiness.  The  waters  are  saturated  with  fine 
silt  and  day  that  fall  out  of  suspension  only  very  slowly 
and  at  low  river  velocities,  and  give  rise  to  conditions  inim- 
icai to  fish  life.  Fish  are  disappearing,  or  have  disappeared, 
from  many  rivers  which  once  ran  clear  but  now  are  turbid 
with  soil  that  perhaps  has  been  transported  from  hundreds 
of  miles  away. 

When  the  waters  reach  a  main  river,  the  danger  of  flood 
is  multiplied  by  the  confluence  of  many  overladen  tribu- 
tary  streams,  and  the  damage  inflicted  by  flood  is  also  likely 
to  be  greater,  since  dense  human  settlements  tend  to  con- 
centrate near  the  banks  of  main  rivers.  A  main  river  gener- 
ally  flows  more  slowly  than  its  tributaries,  causing  the 
deposition  of  some  of  the  fine  mud  that  remained  in  sus- 
pension in  the  more  rapidly  flowing  streams.  The  river 
bed  rises  and  the  flood  menace  increases  in  magnitude  and 
frequency.  Cities  threatened  with  inundation  have  to  be 
protected  by  building  high  banks,  sometimes  towering 
above  the  roofs  of  the  houses,  to  confine  the  river,  agricul- 
tural  land  is  intentionally  flooded  to  relieve  the  pressure 
on  more  densely  populated  districts  and  huge  dams  are 
constructed  in  an  attempt  to  regniate  the  flow  of  turbulent 
water.  But  experience  has  shown  that  the  engineer  alone 

[20] 


SOIL  EROSION 

cannot  permanently  control  a  great  muddy  river  continu- 
ally  being  supplied  with  millions  of  tons  of  eroded  soil. 
The  artificial  banks  must  be  raised,  ultimately  to  breaking 
point,  as  the  river  bed  rises,  the  dams  built  to  trap  the  water 
trap  also  silt  and  day  which  choke  the  reservoirs  behind 
the  dams,  and  the  last  state  of  the  river  is  far  worse  than  the 
first.  There  is  nothing  on  land  more  beneficent  to  organized 
life  than  an  orderly  river,  or  more  perpetually  menacing 
than  a  river  run  amok. 

It  would,  indeed,  make  things  much  easier  for  mankind 
if  ali  the  soil  of  which  men  rob  their  fields  were  lost  for 
ever  in  the  depths  of  the  ocean.  Siltation— the  deposition  of 
eroded  soil  on  river  beds— is  among  the  worst  and  most 
intractable  consequences  of  erosion.  It  may  take  severa] 
centuries  for  siltation  to  put  a  river  out  of  control,  but 
other  troubles,  beside  the  incessant  danger  of  flood,  arise 
long  before  the  uncontroUable  stage  is  reached.  River  navi- 
gation,  which  often  constitutes  an  essential  link  in  a  coun- 
try's  chain  of  commerce,  is  seriously  impaired  or  destroyed 
by  siltation;  Storage  reservoirs,  whether  constnicted  for 
flood  control,  irrigation,  hydro-electric  purposes  or  public 
water  supplies,  become  silted  up  and  useless  with  incredible 
rapidity,  for  the  dam  that  blocks  the  reservoir  stops  the 
water  flowing,  and  down  comes  ali  the  suspended  soil.  In 
fact,  almost  every  useful  function  that  running  water  is 
expected  to  perform  in  an  organized  community  is  im- 
paired by  erosion  and  siltation,  and  every  danger  that  it 
may  threaten  is  brought  nearer  to  realization. 

The  consequences  of  erosion  by  water  may  be  summed 
up  as  the  localized  reduction  of  productive  capacity  due  to 
direct  losses  of  soil  and  (often  stili  more  serious)  of  soil 
moisture,  and  the  general  disorganization  of  whole  regions 
resulting  from  the  cumulative  dislocation  of  the  naturai 
water  regime.  The  various  destructive  processes  react  upon 
each  other  and  gather  accelerating  momentum  as  they  pro- 
ceed.  It  is  this  fact  which  makes  the  present  world-wide 
erosion  a  matter  of  the  greatest  import  to  humanity  at  large. 
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There  is  danger  in  complacency  continuing  because  the 
earth  is  stili  rich  enough  in  capital  resources,  expressed  as 
soil  fertility,  to  support  its  human  population  for  a  long 
time  to  come.  One  day  we  may  realize  that  the  capital  is 
exhausted  and  no  more  dividends  will  be  paid.  It  is  not  so 
much  the  damage  already  done  that  matters  as  the  final 
and  inevitable  disaster  to  civilization  that  will  occur  if  the 
contagion  is  allowed  to  spread  until  it  is  uncontrollable.  A 
war-scarred  country  can  be  restored  to  prosperity  in  a  few 
years;  a  field  stripped  of  its  soil  is  finished,  at  least  as  far  as 
providing  for  the  living  generation  is  concerned,  but  can 
continue  to  spread  destruction  over  other  land. 

The  processes  of  wind  erosion  are  less  complex  than  of 
water  erosion.  The  predisposing  conditions  for  wind 
erosion  are  (  i  )  an  absence  of  protective  covering  for  the 
soil  and  a  low  fertility  level,  causing  the  soil  to  pulverize; 
(2)  a  dry  period,  as  wet  soil  does  not  blow  appreciably; 
and  (3)  a  broad,  fiat  or  slightly  undulating  region  across 
which  wind  and  soil  can  move  unhindered.  Nature  has 
arranged  that  where  water  cannot  punish  man  for  his 
ignorance  and  misdeeds,  the  wind  can. 

When  a  large  open  area  has  been  consistently  misman- 
aged  and  its  fertility  reduced  below  the  safety  point,  wind 
erosion  can  produce  chaos  within  a  few  days.  The  wind 
Ufts  the  pulverized  soil  bodily  from  the  surface,  the  at- 
mosphere  is  choked  with  sand  and  dust,  men  and  animals 
are  suif  ocated,  standing  crops  are  torn  up  in  one  place  and 
buried  in  another,  leaving  the  countryside  as  though  a  hur- 
ricane  had  passed.  The  great  dust  storms  which  bave  swept 
the  American  prairies  in  recent  years  and  darkened  the  sky 
over  the  Atlantic  cities  and  far  out  to  sea,  were  not  freaks 
of  Nature;  fifty  years  ago,  stronger  winds  than  accom- 
panied  these  dust  storms  would  bave  blown  over  the  grass- 
covered  prairies  and  lef t  no  trace  of  their  passage. 

Like  water  erosion,  wind  erosion  may  start  compara- 
tively  harmlessly  at  a  few  vulnerable  points,  such  as  smali 
bare  patches  of  soil  or  the  tops  of  hummocks,  and  spread 
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until  the  patches  coalesce.  Soil  lifted  hy  wind  is  itself  a 
powerful  erosive  force,  destroying  the  vegetation  through 
which  it  passes  and  tearing  other  soil  particles  f  rom  the  sur- 
face.  The  focal  points  from  which  erosion  starts  tend  to 
enlarge  rapidly,  and  once  soil  drifting  has  taken  hold  of  a 
plain,  there  is  no  telling  where  it  will  stop.  Wind-bome, 
like  water-borne,  soil  is  disintegrated  into  its  component 
parts,  the  heavy  sand  particles  are  first  redeposited  on  the 
land  as  dunes  or  drifts,  the  finer  particles  are  carried  f urther 
in  a  cloud  of  dust  and  only  fall  when  the  force  of  the  wind 
is  spent,  perhaps  thousands  of  miles  from  the  source  of 
erosion.  The  fine  particles  sometimes  settle  as  a  thin  layer 
that  cakes  after  rain  to  a  veneer  through  which  water  does 
not  easily  penetrate.  The  next  rain  runs  off  the  surface  and 
the  stage  is  set  f  or  water  erosion  to  play  its  part. 

Wind  erosion,  taking  the  world  over,  has  not  occurred 
so  extensively  as  water  erosion,  largely  because  men  pref er 
to  make  their  homes  in  hilly,  well-watered  places  rather 
than  in  arid  plains,  but  where  it  has  occurred  its  effects 
bave  been  catastrophic.  It  has  given  the  name  of  the  Dust 
Bowl  to  an  immense  area  in  the  Middle  West  of  the  United 
States;  and  Canada,  Russia,  Australia  and  South  Africa  ali 
know  its  terrors. 

Water  and  wind  erosion  radically  upsets  the  delicate 
equilibrium  existing  between  the  life  and  the  climate  of  a 
region.  The  attainment  of  this  equiUbrium  under  naturai 
conditions  is  usually  referred  to  as  'adjustment  to  environ- 
ment',  the  study  of  which  comprises  the  science  of  ecology. 
Erosion  and  erosion  control  are  essentially  problems  re- 
lating  to  the  maladjustment  of  human  communities  to  their 
environment,  i.e.  they  are  fundamental  problems  in  human 
ecology.  The  attainment  of  any  stable  equilibrium  in  a 
country  or  region  suifering  from  severe  erosion  is  an  im- 
possibility  for  the  simple  reason  that  the  environment  to 
which  mankind  must  adjust  itself  is  continually  changing 
for  the  worse.  The  two  principal  environmental  factors— 
soil  and  climate— aifecting  human  activity  deteriorate;  the 
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soil  disappears  bodily,  and  the  climate,  even  though 
meteorological  records  may  indicate  no  appreciable  change, 
tends  in  effect  to  become  progressively  more  extreme. 
Light  rains  become  useless,  heavy  rains  destructive,  normal 
winds  bave  the  effect  of  tornadoes.  Man  is  the  most  adapt- 
able  of  ali  creatures  to  diiferent  climates,  but  he  cannot 
evolve  a  stable  community  organization  capable  of  rapid 
re-adjustment  to  a  continually  deteriorating  environment, 
and  if  he  could,  the  result  would  scarcely  conf  orm  to  the 
conception  of  an  advancing  civilization.  Cities  may  spring 
up  like  mushrooms,  railways  and  roads  may  span  a  country, 
bank  balances  may  multiply,  but  while  the  soil  is  deterio- 
rating and  disappearing  the  net  movement  is  away  from 
rather  than  towards  a  civilized  state.  The  retrograde  move- 
ment can  only  be  reversed  by  reversing  the  process  of  soil 
destruction,  that  is,  by  adequate  erosion  control  combine  d 
vt^ith  constructive  agricultural  methods.  For  when  anarchy 
breaks  loose  in  Nature  the  involvement  of  mankind  in  the 
consequences  cannot  long  be  delayed. 

The  first  practical  measures  that  can  be  taken  to  check 
the  progressive  extension  of  erosion  include  the  use  of 
simple  mechanical  devices  such  as  banks  or  terraces  suitably 
located  on  eroding  slopes,  dams  across  gullies,  windbreaks, 
etc.  Their  primary  object  is  to  reduce  the  velocity  and 
therefore  the  erosive  power  of  run-off  water  or  wind.  But 
these  measures  alone  bave  a  merely  locai  effect  and  scarcely 
touch  the  f  undamental  cause  of  erosion  which  is  f  aulty  land 
utilization— perhaps  the  destruction  of  forests  that  regn- 
iate the  headwaters  of  a  great  river,  the  cultivation  of  land 
which,  however  suitable  it  may  be  for  crop  production, 
cannot  safely  be  brought  under  the  plough,  or  unrestricted 
grazing.  It  has  been  abundantly  proved  that  patchwork 
erosion  control  is  only  a  temporary  palliative;  control,  to  be 
permanently  effective,  must  embrace  entire  naturai  regions 
(as,  for  example,  a  river  catchment)  and  must  seek  at  re- 
moving  the  cause  rather  than  the  consequences  of  erosion. 
For  the  ravages  of  erosion  are  not  confined  to  the  actively 
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eroding  area  but  spread  in  ever  widening  circles  until  every 
aspect  of  the  region's,  or  even  the  nation's,  life  is  affected. 

In  badly  eroded  regions— and  these  are  the  ones  where 
the  causative  malpractices  are  most  firmly  established— 
erosion  control  may  mean  the  complete  re-organization  of 
land  ultilization  either  by  voluntary  agreement  among  land 
occupiers  or  under  a  regional  pian  enforced  by  a  centrai 
authority.  Where  several  regions  in  one  politicai  unit  are 
affected  (as  in  the  United  States)  a  national  pian  of  land 
utilization  may  be  required  to  co-ordinate  the  separate  re- 
gional plans.  Where  land-utilization  practices  are  firmly 
established  and  have  become  the  basis  of  a  country's 
economy,  the  adoption  of  a  new  land-utilization  pro- 
gramme  conforming  to  the  limits  imposed  by  the  naturai 
environment,  may  well  involve  a  social  and  politicai  revolu- 
tion. Therein  lies  the  supreme  difficulty  of  applying  effec- 
tive  erosion  control.  We  now  know  fairly  precisely  what 
agricultural,  pastoral,  forest  and  engineering  principles 
must  be  adopted  to  stop  the  earth  from  rotting  away  be- 
neath  our  feet,  but  we  cannot,  or  dare  not,  apply  them 
f  orthwith  on  a  scale  commensurate  with  the  gravity  of  the 
situation. 

Great  changes  will  have  to  be  made  in  the  kinds  and 
quantities  of  crops  produced,  exported  and  imported  by 
diff  erent  countries,  internai  and  external  trade  relations  and 
policies  will  be  affected,  and  perhaps  most  significant  of 
ali,  the  conditions  of  land  tenute  and  occupancy  upon 
which  the  social  structure  of  a  civiUzed  community  is 
founded,  will  have  to  be  re-defìned.  Erosion  control, 
acknowledged  in  many  rapidly  developing  countries  as  the 
most  vital  problem  confronting  them,  means  going  back 
to  the  beginning  and  re-building  human  society  in  a  frame 
whose  shape  is  determined  by  the  intrinsic  nature  of  the 
soil  and  is  independent  of  immediate  economie  or  politicai 
considerations. 

Soil  erosion  has  made  a  knowledge  of  the  underlying 
principle  of  human  ecology— the  art  of  living  together  with 
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animals,  insects,  and  plants— one  of  the  most  urgent  needs 
of  mankind,  and  particularly  of  those  who  can  see  clearly 
the  consequences  of  the  uncontroUed  or  miscontroUed  use 
of  science  f  or  exploiting  naturai  resources.  If  a  new  civiliza- 
tion  is  to  rise  in  America,  Africa,  Russia  or  Australia,  it 
must  start  from  small  beginnings  after  the  most  relentless 
struggle  that  men  have  ever  waged  with  Nature— a  struggle 
that  will  fuse  disruptive  influences  in  a  common  eff ort  and 
f or  a  time  will  release  the  nations  from  the  Nemesis  of  self- 
destruction  that  seems  imminent  over  Western  Europe. 
The  unprecedented  land  wastage  now  going  on  has  set 
US,  with  our  vast  powers,  a  task  that  can  profitably  occupy 
the  surplus  human  energy  released  f  or  constructive  or  de- 
structive  purposes  by  the  advance  of  science.  Misapplied 
science  has  brought  to  the  world's  richest  virgin  lands  a 
desolation  compared  with  which  the  ravages  of  ali  the  wars 
in  history  are  neghgible.  New  outlooks,  new  aims  and  new 
knowledge  will  be  required  before  the  earth  is  again  fit  to 
rear,  after  long  travail,  another  civihzation.  The  rise  of  a 
civilization  has  always  been  preceded  by  a  victory  over 
naturai  f  orces  that  at  one  time  must  have  seemed  well-nigh 
unattainable.  The  urge  to  constructive  endeavour  released 
by  the  imperative  necessity  for  stopping  erosion  may  be 
the  foundation  upon  which  a  great  superstructure  of 
human  achievement  will  ultimately  be  built.  Without  that 
urge,  born  of  the  almost  universal  destructive  exploitation 
of  naturai  resources,  mankind  would  have  vegetated  indefì- 
nitely  in  the  grassland  regions  and  would  never  have  leamt 
their  immense  potentialities  under  human  control. 
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CHAPTER  n 

Europe  and  the  Mediterranean 


Deforestation  in  Mediterranean  countrìes  in  Greek  and 
Roman  times.  The  modem  problems.  Bonifica  integrale  and 
the  Apennine  clays.  Change  from  fertility  to  aridity  in 
Cyprus.  Erosion  and  the  intensifìcation  of  Turkish  agrìcul- 
ture.  The  ruinous  state  of  Palestine.  Erosion  not  a  major 
problem  in  northern  and  centrai  Europe.  Soviet  Russia 
affected  by  sheet  and  gully  erosion,  ivind  erosion  and  the 
advance  of  the  desert. 
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'E  HAVE  ALREADY  SHOWN  how  the  cmpìres  of  Babylon, 
Assyria,  Persia  and  Carthage  were  destroyed  by  the  ad- 
vance of  floods  and  deserts,  caused  by  the  increasing  clear- 
ing of  forests  for  agricultural  land  and  for  additional  sup- 
plies  of  water  for  irrigation.  There  was  serious  and  exces- 
sive  deforestation  in  the  Apennines  in  Roman  times  and 
even  earlier  in  Greece,  where  the  demands  of  Phoenician 
commerce  aided  the  denudation.  The  early  demands  of  the 
Etruscans  on  the  forests  of  the  Apennines  were  followed 
by  those  of  the  Romans,  and  the  climate  of  the  deforested 
mountains  did  not  favour  naturai  regrowth.  Attention 
was  then  directed  to  the  Alps,  but  deforestation  in  the 
Pyrenees  and  Alps  does  not  appear  to  have  become  serious 
until  the  later  Middle  Ages.  Deforestation  in  these  moun- 
tains is  stated  to  have  been  less  a  result  of  commercial  ex- 
ploitation  than  of  the  over-population  of  the  valleys,  with 
a  consequent  increased  demand  for  cleared  fields,  pastures 
and  f uel.  Deforestation  in  France,  particularly  in  the  Pyre- 
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nees,  has  caused  almost  catastrophic  erosion,  and  national 
attention  has  been  aroused  on  the  question  of  ref  orestation 
of  the  denuded  slopes. 

Consequently,  at  the  present  day,  the  Mediterranean 
countries  are  faced  with  the  problem  of  erosion  and  flood 
control.  Part  of  the  vigorous  land  reclamation  programme 
(bonifica  integrale)  of  the  Italian  Government  is  directed 
towards  the  problem  of  the  proper  utilization  of  the  clays 
of  the  Apennine  foothills;  these  clays  cover  about  one- 
fifth  of  the  country  and  their  reclamation  from  their  pres- 
ent degraded  and  eroded  state  presents  a  problem  v^^hich  is 
typically  Italian.  Ref  orestation  is  also  being  pushed  f  orward 
energetically;  the  results  will  be  of  particular  importance, 
as  they  may  be  useful  to  many  other  parts  of  the  Mediter- 
ranean similarly  affected.  The  usuai  reforestation  methods 
of  Northern  Europe  do  not  apply  in  the  Mediterranean 
climate,  and  special  systems  are  being  developed. 

Other  examples  of  the  damage  caused  by  erosion  in  the 
Mediterranean  region  may  be  seen  in  Cyprus,  Turkey  and 
Palestine. 

Authorities  state  that  there  are  no  indications  that  the 
climate  of  Cyprus  has  changed  during  the  last  3,000  years. 
The  change  from  fertility  to  aridity  has  been  due  entirely 
to  deforestation.  Those  forest  areas  which  bave  been  more 
or  less  preserved  f or  the  past  fifty  years  are  showing  much 
improved  growth  and  a  thin  humus  layer  is  f orming  on  the 
soil.  The  need  f  or  preservation  in  other  categories  of  f  orests 
is  not  fully  recognized  by  the  people;  the  naturai  vegeta- 
tion  has  been  seriously  disturbed  by  unrestricted  pasturing 
of  sheep  and  goats,  the  latter  being  an  important  source  of 
livelihood  in  the  hills.  The  numbers  of  sheep  and  goats  are 
now  restricted  more  by  deaths  through  starvation  and 
disease  than  by  flock  and  pasture  management.  Consider- 
able  areas  bave  been  denuded  of  naturai  vegetation  by 
cutting  of  f  uel,  the  demand  f  or  which  becomes  increasingly 
acute  with  the  rise  in  population. 

The  exposed  hills  on  steep  slopes  are  very  susceptible  to 
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erosion  and  the  numerous  streams  and  winter  torrents  rush- 
ing  down  from  the  mountain  ranges  during  the  rains  re- 
move enormous  quantities  of  soil,  which  are  either  dis- 
tributed  over  the  plains  as  a  thin  layer  of  very  erodible  silt 
or  carried  out  to  sea.  Forestry,  dry  stone  walling  or  ter- 
racing,  reduction  of  livestock  (particularly  goats) ,  and  pre- 
vention  of  fuel  cutting  are  methods  being  used  for  control 
of  soil  loss  and  excessive  run-off . 

Turkey  has  sufFered  very  severely  from  erosion  in  the 
past;  ali  the  erstwhile  ports  on  the  southern  side  of  Anatolia 
are  now  silted  up;  Tarsus,  once  visited  by  Cleopatra's  fleet,  is 
now  an  inland  town  ten  miles  from  the  sea.  It  is  stated  that 
the  mouth  of  the  Great  Menderez  River  has  advanced  sea- 
wards  at  the  rate  of  about  half  a  mile  per  century  within 
the  last  1,900  years.  The  country  stili  shows  many  examples 
of  erosion,  due  partly  to  the  torrential  type  of  rainfall,  de- 
forestation  and  the  cultivation  of  crops  (maize,  wheat, 
barley,  tobacco,  nuts,  etc.)  which  do  not  prò  vide  adequate 
ground  cover.  In  the  reconstruction  of  agriculture  now  in 
progress,  intensification  of  production  will  play  a  part,  but 
the  country  is  stili  in  a  position  to  avoid  the  errors  made  in 
other  parts  of  the  world  and  to  develop  recognized  con- 
servation  measures. 

The  hill  country  of  Palestine  comprises  some  60  per  cent 
of  the  non-desert  area  of  the  country  and  could  ali  be 
habitable  and  productive.  It  is  in  a  ruinous  state  and  many 
slopes  with  high  rainfall  are  devoid  of  permanent  vegeta- 
tion  and  practically  denuded  of  soil.  The  removal  of  the 
dangers  due  to  camivores  and  cattle  thieves,  previously 
safeguards  of  the  remnants  of  the  scrub  vegetation,  has  led 
to  further  excessive  grazing  and  the  disappearance  of  the 
naturai  vegetation  from  great  areas.  The  very  complete- 
ness  of  the  destruction  encourages  inaction,  as  to  the  aver- 
age  man  it  appears  merely  quixotic  to  start  the  long  task 
of  reclaiming  a  wildemess  of  stony  slopes.  Disastrous  floods 
in  1933  and  1934  bave  attracted  attention  to  the  steep 
Tiberias  slope  above  the  western  shore  of  the  Sea  of  Galilee. 
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The  destruction  of  the  scrub  cover  having  recently  been 
compieteci,  each  heavy  rain  brings  down  a  flood  from  the 
limestone  and  a  mudflow  from  the  basalt.  Spectacular 
floods  have  also  occurred  in  Syria.  According  to  the  Re- 
port  of  the  Palestine  Royal  Commission  (1937),  'the  fact 
has  to  be  faced  that  there  are  to-day  no  real  forests  in 
Palestine  and  that  if  there  is  one  country  in  the  world  in 
which  afforestation  is  desirable  that  country  is  Palestine.' 
There  are  only  seventy-six  square  miles  of  scrub  f  orest  and 
plantations,  out  of  some  6,250  square  miles  fit  for  cultiva- 
tion  or  afforestation,  and  of  the  total  land  area  of  10,400 
square  miles.  Only  a  little  over  twelve  square  miles  have 
been  reforested  since  the  Great  War,  but  it  is  considered 
that  at  least  1 5  Vi  square  miles  should  be  planted  every  year 
with  6,500,000  f orest  and  carob  trees,  the  fruit  of  the  lat- 
ter  providing  valuable  forage. 

In  northern  and  centrai  Europe  erosion  is  not  a  major 
agricultural  factor,  for  the  reasons  stated  more  fuUy  else- 
where,  namely,  absence  of  a  torrential  type  of  rainfall  and 
the  development  of  a  type  of  agriculture  particularly 
adapted  to  the  forest  soils  and  to  the  conservation  of  fer- 
tility  therein.  None  of  the  special  conservation  techniques 
developed  for  more  erodible  countries  are  used  except  in 
rare  cases  such  as  the  terraces  in  the  Rhine  Valley,  the 
basis  of  conservation  generally  being  the  maintenance  of 
organic  matter  in  the  soil  by  devoting  special  care  to  crop 
rotation.  It  is  not  yet  clear  whether,  under  the  strain  of 
economie  nationalism  or  of  a  sudden  'emergency',  these 
rules  might  be  relaxed,  rotation  allowed  to  become  less 
efiìcient  and  cultivation  carried  up  steep  slopes. 

Although  there  is  Httle  guUy  erosion  in  European  culti- 
vated  lands,  there  is  certainly  sheet  erosion,  the  graduai 
drift  of  soil  material  carried  in  suspension  from  higher 
parts  of  a  field  to  the  lower.  It  is  occurring  with  varying 
degrees  of  rapidity  in  Great  Britain,  but  the  British  agri- 
culturist  or  f  armer  is  not  erosion-conscious  to  the  same  ex- 
tent  as  the  American,  particularly  as  regards  the  rather 
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diificult  problem  of  diagnosing  sheet  erosion,  the  most 
insidious  type  of  soil  loss.  A  certain  amount  of  erosion 
must  have  occurred  when  the  Welsh  hills  were  first  cleared 
of  their  forests.  Indications  of  former  erosion  can  be  seen 
in  the  irregular  topography,  the  badly  drained  hillside 
swamps,  the  extreme  paucity  of  soil  in  some  places,  the 
frequent  occurrence  on  the  surface  of  a  compact,  brown 
soil  horizon  characteristic  of  the  subsoil  developed  under 
an  earlier  forest  vegetation,  and  extensive  deposits  in  the 
valleys  of  material  resembling  the  surface  horizon  of  forest 
soils.  The  better  drained  parts  of  the  Welsh  hills  are  now 
clothed  with  grass  which  has  produced  a  special  kind  of 
hard  granular  structure  in  the  compact  surface  soil.  As  a 
rule  these  soils  are  extremely  resistant  to  erosion  and  may 
be  saf  ely  ploughed  up  and  down  steep  slopes  under  a  heavy, 
annual  rainf ali.  Had  it  not  been  f or  continued  human  inter- 
vention  (the  introduction  of  grazing)  the  Welsh  hills 
would  have  reverted  to  forest,  and  a  new  loose  and  erodible 
horizon,  protected  by  a  mat  of  forest  litter  and  humus, 
would  gradually  have  developed.  Sheet  erosion  is  going  on 
at  the  prescnt  day,  particularly  on  light  soils  and  in  the 
more  hilly  cultivated  lands  in  the  higher  rainfall  areas  of 
Wales  and  Scotland.  Eroded  patches  in  sloping  arable 
fields,  best  seen  when  the  cercai  crop  is  coming  up,  bald 
areas  on  poor-grade  pastures  with  an  insufficient  sward 
cover,  piles  of  eroded  soil  on  roadways,  sudden  flooding 
of  rivers  and  discoloration  of  the  sea  along  the  coast  due  to 
the  silt  brought  down  from  the  valleys,  ali  these  are  symp- 
toms  for  the  diagnosis  of  erosion.  Àlthough  the  climatic 
conditions  probably  do  not  warrant  the  more  extreme  type 
of  conservation  practices,  such  methods  as  ploughing,  cul- 
tivation  and  planting  up  and  down  slopes  instead  of  on  the 
contour  should  be  discouraged  on  sloping  land.  A  certain 
amount  of  strip  cropping  and  rearrangement  of  hedgerows, 
dikes  and  fences  may  also  have  a  beneficiai  effect.  Prob- 
ably more  important  is  the  effect  of  erosion  control  prac- 
tices such  as  contour  trenches  or  furrows  on  the  nm-off 

lì'] 


VANISHING  LANDS 

from  hilly  country,  and  thus  upon  the  reduction  of  flood 
damage  in  the  lower  reaches  of  valleys  such  as  the  Sevem 
and  the  Wye.  The  co-operation  between  authorities  con- 
cerned  with  grassland  improvement  and  afforestation 
would  appear  to  be  indicated,  particularly  in  the  selection 
of  slopes  and  other  areas  for  suitable  treatment. 

There  are  few  reports  of  erosion  on  agricultural  land 
in  Northern  and  Central  Europe,  although  this  does  not 
necessarily  mean  that  at  least  sheet  erosion  is  not  going  on. 
The  position  in  the  Alpine  regions  is  now  in  a  reasonable 
state  of  equilibrium,  an  appropriate  balance  having  been 
struck  between  the  use  of  forests  for  timber  and  fuel  and 
of  the  Alpine  pastures  for  grazing,  without  detriment  to 
the  valley  communities  below.  Possibly  more  can  yet  be 
done  to  link  up  Alpine  management  with  valley  and  plain 
flood  control.  As  an  example  may  be  quoted  the  effect  of 
the  unregulated  felling  of  forests  in  the  Transylvania  Alps 
in  Rumania  upon  the  post-war  levels  and  the  frequency  of 
floods  of  the  River  Tisza  and  its  tributaries,  flowing  through 
the  Plain  of  Hungary.  Hungary  is  also  affected  by  the 
problem  of  drifting  sands,  which  are  being  fixed  by  ap- 
propriate aflorestation  as  was  done  many  years  ago  in  the 
great  dune  area  of  the  Atlantic  coast  of  France,  the  Landes 
de  Bordeaux.  A  recent  article  from  Germany  describes 
gully  erosion  in  certain  moraine  areas  in  the  north  and  on 
the  slopes  of  hilly  country  and  sheet  erosion  in  certain  fine 
sand  areas  in  Brandenburg,  where  the  sand  is  often  borne 
by  the  wind  for  considerable  distances  and  the  furrows  of 
potato  fields  are  often  filled  with  sand.  Serious  erosion  is 
also  reported  in  Czechoslovakia,  particularly  in  Rakovnik, 
Bohemia,  and  in  the  basin  of  the  Borsavy  River  in  the  Car- 
pathians. 

The  Soviet  Union  is  affected  by  sheet  and  gully  erosion 
on  agricultural  lands  in  Central  Russia  and  Ukraine,  wind 
erosion  in  the  steppes  and  the  threat  of  the  desert  in  Soviet 
Central  Asia. 

One  of  the  worst  eroded  areas,  by  reason  of  its  steep  and 
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broken  relief,  is  the  south-western  steppe  region.  A  survey 
of  Russian  literature  leaves  the  impression  that  erosion  as  an 
imminent  menace  is  mainly  confined  to  the  intensively 
cultivated  zone,  although  it  is  prevalent  and  increasing,  in 
milder  f orms,  over  much  larger  regions,  particularly  in  the 
'chestnut-soiF  areas  which  correspond  ecologically  with 
the  short-grass  country  of  North  America.  The  Russians 
were  among  the  first  to  plant  shelterbelts^  as  windbreaks  in 
the  steppes,  and  great  benefits  in  moisture  conservation  and 
crop  growth  are  claimed  for  them  (see  Chapter  XIII).  The 
reclamation  of  desert  areas  is  also  an  active  line  of  research, 
the  revegetation  of  the  Central  Asiatic  deserts,  which  for- 
tunately  are  characterized  by  a  high  water-table,  being  an 
essential  part  of  the  programme  to  prevent  overgrazing  by 
the  stock  introduced  by  the  recently  developed  cattle  in- 
dustry  (see  Chapter  XIII). 

The  more  arid  parts  of  the  Soviet  Union  may  possibly 
contain  a  number  of  plants  of  various  types  which  will  be 
of  service  to  soil  conservationists  in  other  parts  of  the 
world.  The  expedition  of  H.  L.  Westover  and  C.  R.  En- 
low,  of  the  United  States  Department  of  Agriculture,  to 
Soviet  Central  Asia  to  collect  plants  for  use  in  the  soii 
conservation  programme  in  the  more  arid  parts  of  the 
United  States  may  be  quoted  as  an  example.  It  is  probable 
that  species  would  also  be  found  which  might  be  of  great 
service  in  the  arid  regions  of  Australia,  South  Africa  and 
similar  countries.  The  Soviet  workers  themselves  are  pav- 
ing  the  way  by  making  a  comprehensive  survey  of  the  plant 
resources  of  the  Union.  There  can  be  little  doubt  that 
animai  husbandry  will  play  an  important  part  in  the  future 
development  of  Russian  agriculture.  The  Soviet  Govern- 
ment is  alive  to  the  value  of  the  stili  largely  unspoiled 
naturai  grasslands  which  cover  some  of  the  most  fertile 
parts  of  the  country. 

*The  terni  'shelterbelt'  or  'windbreak'  is  used  for  rows  of  trees  placed 
parallel  and  at  intervals  in  more  or  less  fiat  country  to  protect  the  intervening 
crop  areas  from  high  winds. 
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North  and  South  America 


Eroston  and  the  pioneer  phase.  Theodore  Roosevelt.  Con- 
servatton  a  prominent  politicai  and  social  question.  Oper- 
ations  of  the  subdivisions  of  the  US.  Department  of  Agri- 
culture.  Collection  of  data  front  experiments.  The  regional 
problems.  The  North-east.  TV  A.  Piedmont.  Corn  Beh. 
Great  Plains  States.  Dust  Bowl.  The  Western  Range.  South- 
ivestern  States  and  the  Indian  Reservatio?is.  California.  The 
quality  of  the  Jrontier  days\  Soil  drift  in  Canada.  P.F.R.A. 
Forest  resources.  South  America.  The  West  Indies. 
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.His  ATTEMPT  to  discuss  crosioii  and  conservation  in 
North  America,  a  subject  to  which  an  enormous  mass  of 
literature  in  the  form  of  books,  pamphlets  and  scientific 
articles  has  akeady  been  devoted,  must  necessarily  be 
sketchy.  The  erosion  of  the  United  States  has  been  given 
great  publicity,  in  an  attempt  to  drive  home  the  gravity  of 
the  situation  and  the  disaster  which  would  undoubtedly 
bave  f  ollowed  if  the  excessive  loss  of  soil  by  water  and  wind 
erosion  had  not  been  arrested.  The  results  of  this  publicity 
can  now  be  seen  in  the  nation-wide  programme  of  soil 
conservation  inaugurated  by  the  Department  of  Agri- 
culture  and  other  Federai  and  State  organizations,  actions 
which  are  to  impress  the  advantages  of  adopting  the 
technique  of  a  conservation  agriculture  and  similar  prac- 
tices  upon  the  farmers  and  other  users  of  the  land  and  its 
vegetation,  wherever  they  are  exposed  to  the  eroding  action 
of  wind  and  water. 
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The  history  of  erosion  in  the  United  States  is  bound  up 
with  the  pioneer  phase  in  the  nation's  development, 
through  the  stages  of  deforestation  for  agricultural  land, 
timber,  fuel  and  potash  in  the  east,  the  development  of  the 
monoculture  system  of  agriculture  for  maize  in  the  Com 
Belt  and  cotton  to  the  south,  overstocking  and  ploughing 
up  of  the  naturai  grassland  areas  of  the  Great  Plains,  gross 
overstocking  and  maltreatment  of  the  range  country,  over- 
grazing  and  over-cultivation  on  the  Pacific  coast,  and  de- 
forestation in  the  Pacific  north-west.  Astronomical  figures 
bave  been  frequently  given  for  the  millions  of  tons  of  soil 
washed  down  the  muddy  Missouri,  the  Mississippi  and  the 
other  great  river  systems  of  the  continent,  or  blown  ali  the 
way  from  Kansas,  Oklahoma  and  other  States  in  the  Dust 
Bowl  to  the  Atlantic  seaboard.  More  striking,  however,  is 
the  statement  quoted  by  Raymond  Swing  that,  at  the  pres- 
ent  rate  of  soil  and  water  depletion,  in  fifty  years  the 
fertile  soil  in  America  will  be  a  f ourth  of  what  was  present 
originally  and  that,  'in  a  hundred  years  at  the  same  rate  of 
depletion  the  American  continent  could  tum  into  the 
Sahara  of  the  Western  Hemisphere/  Even  if  this  staggering 
statement  is  only  half  true,  and  the  American  people  bave 
two  centuries  of  lif e  on  their  continent,  the  prospect  is  bad 
enough. 

The  idea  of  conservation,  to  save  America  from  the  con- 
sequence  of  its  rapid  exploitation,  is  not  new,  but,  apart 
from  spasmodic  attempts  by  enlightened  individuai,  it  was 
Theodore  Roosevelt  who  first  aroused  the  people  to  its 
nation-wide  importance.  During  bis  presidency  attention 
was  given  mainly  to  plans  for  conserving  minerai,  forest 
and  water  resources.  The  high  prices  of  the  war  and  post- 
war  period,  however,  encouraged  waste  on  an  unprece- 
dented  scale,  and  it  needed  the  financial  depression,  and  a 
series  of  droughts  and  spectacular  dust  storms  to  rouse  the 
nation  again  to  the  much  increased  gravity  of  the  situation. 
During  Franklin  Roosevelt's  presidency,  conservation  has 
become  a  politicai  and  social  question  of  the  first  im- 
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portance,  a  plank  in  both  the  Republican  and  the  Demo- 
cratic  platforms. 

Most  of  the  research  and  general  conservation  operations 
dealing  with  soil  and  vegetation  in  the  United  States  are 
under  the  control  of  the  Department  of  Agriculture,  which 
is  divided  into  some  twenty-five  subdivisions  dealing  with 
ali  the  more  important  aspects  of  land  utilization  from  the 
administrative,  economie,  practical  and  scientific  points  of 
view.  The  chief  subdivision  within  the  Department  con- 
cerned  with  the  prevention  and  control  of  erosion  on  agri- 
cultural  lands  is  the  Soil  Conservation  Service,  the  func- 
tions  of  which  involve  research  into  the  problems  of  soil 
erosion  and  its  control,  and  the  propagation  of  erosion- 
control  practices  through  the  medium  of  practical  demon- 
stration.  In  its  task  of  administering  the  national  forests, 
the  Forest  Service  also  plays  an  important  part  in  the  con- 
servation of  soil  and  vegetation,  particularly  in  co-operating 
with  States  and  private  owners  of  forest  and  woodlands,  in 
management  of  the  national  forests,  and  in  research,  carried 
out  at  the  national  Forest  Products  Laboratory  and  at 
twelve  forest  experiment  stations  throughout  the  country. 
The  pasture  and  range  research  of  the  Division  of  Forage 
Crops  and  Diseases,  Bureau  of  Plant  Industry,  has  also  a 
direct  relation  to  the  conservation  research. 

The  Soil  Conservation  Service  conducts  an  extensive 
programme  of  research  at  the  Soil  Conservation  Experi- 
ment Stations,  each  of  which  is  located  in  a  typical  prob- 
lem  area,  characterized  by  a  particular  type  of  climate,  soil 
or  agriculture.  The  investigations  prò  vide  for  the  determi- 
nation  of  soil  and  water  losses  which  result  from  diff erent 

^a.  Dust  storni j  Southern  Great  Plains,  US. A.  See  page  42. 
4  b.  Wìnd  erosion  of  ancient  alluvial  sandy  terrace  land  on  the 
Loiver  Don,  U.S.S.R.  As  a  result  of  excessive  grazing  and  plough- 
ing  the  sandy  soil  of  the  southern  black-soil  type  ivas  eroded  to  a 
depth  of  lYz  to  4  Vi  feet.  The  illustration  shows  small  knolls  of  ac- 
cumulated  sand  bound  by  the  psammophyte,  Elymus  giganteus, 
and  the  remaìns  of  the  former  soil.  See  page  52. 
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land-use  and  farming  practices  under  the  wide  range  of 
conditions  occurring  in  the  continent.  As  conservation 
practices  are  developed  and  tested  on  the  stations,  they  are 
applied  to  farms  co-operating  in  the  'project'  scheme, 
which  involves  the  enrolment  of  as  many  farms  as  possible 
in  a  selected  drainage  basin  on  the  basis  of  a  co-operative 
agreement  for  the  introduction  and  maintenance  of  recog- 
nized  conservation  practices  as  a  demonstration  to  the  farms 
of  ad j acent  districts.  Since  January  1937  the  soil  conserva- 
tion projects  ha  ve  been  gradually  replaced  by  the  'districts', 
co-operating  groups  of  farmers  permitted  by  enabUng  acts 
to  organize  and  form  soil  conservation  districts  which  have 
the  status  of  governmental  subdivisions  of  the  State.  After 
a  district  is  formed  and  granted  a  certificate  of  organization 
f rom  the  State,  farmers  then  have  authority  (  i  )  to  engagé 
in  co-operative  action  to  combat  erosion,  and  (2)  to  pre- 
vent  locai  misuse  of  land  by  voting  land-use  regulations 
upon  themselves,  similar  to  the  ordinances  which  every 
city,  town  or  county  may  adopt  (e.g.  town-plani;ing) .  Ali 
land-use  ordinances  must  be  submitted  to  a  referendum  and 
pubUcly  approved  before  they  can  be  given  effect. 

In  addition  to  the  Soil  Conservation  Service,  the  Forest 
Service,  and  the  Bureau  of  Plant  Industry,  other  branches 
of  the  Department  of  Agriculture  are  directly  or  indirectly 
concerned  with  agricultural  conservation,  e.g.  the  Bureaux 
of  Chemistry  and  Soils,  Animai  Industry,  Biological  Sur- 
vey  and  Agricultural  Economics,  and  the  Extension 
Service.  Many  other  aspects  of  the  conservation  problem 
are  receiving  attention  in  the  United  States,  however.  As 
examples  may  be  quoted  such  diverse  subjects  as  conserva- 
tion in  the  special  circumstances  of  the  Indian  Native  Re- 
serves,  comprehensive  schemes  of  flood  control,  preven- 
tion  of  siltation  of  reservoirs,  rivers  and  harbours,  the  rela- 
tion of  highway  construction  to  soil  conservation,  control 

5.  Natal.  Gully  and  sheet  erosion  followed  by  the  encroach- 
ment  of  bush  on  ubandone d  agricultural  lands.  See  pages  S^S' 
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of  malaria,  and  the  conservation  of  wild  life  in  its  relation 
to  soil  and  water  conservation  and  as  a  supplementary  eco- 
nomie 'crop'. 

It  is  thus  obvious  that  with  the  coUection  of  reliable 
scientific  data  from  the  innumerable  experiments  on  such  a 
wide  range  of  subjects  the  American  conservationist  is  be- 
coming  increasingly  well  armed  for  his  fight  with  the 
erosion  menace.  The  rest  of  the  world,  stili  lagging  in  the 
accumulation  of  scientific  data,  should  also  derive  much 
benefit  from  the  American  work,  and  already  a  great  num- 
ber  of  foreign  agriculturists  bave  visited  the  United  States 
to  study  their  methods  and  see  their  experiments.  The  great 
variation  in  climatic  and  ecological  conditions  in  the  dif- 
ferent  parts  of  America  is  an  added  advantage  in  this  re- 
spect.  A  brief  summary  will  theref  ore  be  given  of  the  char- 
acteristic  problems  of  the  different  regions  in  the  United 
States  and  of  the  methods  being  adopted  in  the  develop- 
ment  of  a  conservation  economy. 

The  erosion  problem  in  the  north-eastern  part  of  the 
United  States  is  generally  not  so  severe  as  in  other  sections, 
and  is  one  of  prevention  rather  than  cure,  namely,  the  pre- 
vention  of  further  soil  and  water  losses  by  the  various 
recommended  methods.  These  are  reforestation,  establish- 
ment and  maintenance  of  good  pasture  and  forage  crops; 
contour  strip  farming;  retirement  of  steep  lands  from  culti- 
vation;  proper  care  of  tree  lands;  the  use  of  soil-building 
crops  ;  maintenance  of  crop  rotations;  careful  engineering. 
Deforestation  has  been  excessive  in  some  areas,  and  steep 
slopes  bave  been  cultivated  which  should  not  bave  been 
cleared.  In  the  cultivation  of  arable  land,  the  correct  cul- 
tural practices  bave  not  been  observed;  rotations  suited  to 
locai  requirements  bave  not  been  used,  ploughing  and 
cultivation  bave  been  done  up  and  down  slopes  instead  of 
on  the  contour.  Mismanagement  of  pastures  has  led  to  de- 
terioration  of  botanical  composition  with  a  consequent  in- 
crease  in  the  proportion  of  bare  ground  subject  to  erosion. 
Like  so  many  parts  of  the  United  States,  the  area  is  subject 
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to  torrential  rainfall  over  short  periods.  In  a  region  where 
the  production  of  milk  is  so  important  for  supplying  the 
great  centres  of  population,  pasture  improvement  is  ob- 
viously  of  primary  importance. 

Further  south,  a  particular  type  of  conservation  work  has 
been  in  operation  in  the  Tennessee  Basin  for  some  years. 
This  is  administered  by  the  Tennessee  Valley  Authority 
(TVA) ,  and  extends  over  a  naturai  region  of  about  40,000 
square  miles,  with  a  population  of  2,500,000.  Originally  the 
whole  region  was  forested,  but  subsequent  clearing  for 
agricultural  development  has  led  to  erosion,  which  has  seri- 
ously  impoverished  most  of  the  agricultural  land.  The 
organization  of  the  TVA  is  described  in  Chapter  XIX. 

Some  of  the  most  sensational  guUy  and  sheet  erosion  to 
be  found  in  the  United  States  has  occurred  in  the  Piedmont 
country  lying  in  the  fìve  States  of  Virginia,  North  and 
South  Carolina,  Georgia  and  Alabama,  a  region  covering 
about  forty  million  acres;  according  to  the  reconnaissance 
erosion  survey  completed  in  1934,  over  three-fourths  of 
the  topsoil  has  been  washed  from  about  twelve  million 
acres  and  great  sectors  of  the  area  are  disfigured  and  de- 
f aced  by  gullies  (see  frontispiece) .  Most  of  the  remaining 
twenty-eight  million  acres  bave  suffered  in  varying  de- 
grees.  The  degree  of  damage  caused  by  erosion  increases 
as  one  goes  south ward;  there  are  millions  of  gullies  in  the 
Piedmont.  In  some  types  of  soil,  gully  cutting  goes  on 
slowly,  in  others,  especially  those  derived  from  granitic 
rocks,  the  process,  though  slow  until  the  day  subsoils  are 
worn  through,  becomes  rapid  when  the  soft,  'rotten'  or 
disintegrating  rock  which  underlies  the  day  is  reached. 
Advanced  erosion  accounts  in  a  large  measure  for  the  re- 
tirement  from  culti vation  of  some  50,000  farms  between 
1920  and  1930,  in  the  Piedmont  of  the  Carolinas  and 
Georgia. 

As  a  result  of  this  excessive  erosion,  bottom  lands  bave 
been  buried  by  the  deposition  of  eroded  material;  in  an 
area  famous  for  its  water  power  resources,  thirteen  out  of 
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fifty-six  of  the  larger  reservoirs  in  the  southern  Piedmont 
are  now  completely  fìlled  with  silt. 

The  broad  base  terrace  was  developed  in  this  region, 
first  in  the  form  of  the  Mangum  terrace  and  more  recently 
as  the  Nichols  terrace. 

The  Upper  Mississippi  Region  of  the  Soil  Conservation 
Service  (Region  5),  comprising  the  States  of  Minnesota, 
Wisconsin,  Illinois,  lowa,  and  Missouri,  contains  half  the 
first-grade  land  in  the  United  States.  This  is  the  famou^ 
Corn  Belt,  where  corn  or  maize  has  been  grown  continu- 
ously  for  many  years.  Very  small  amounts  of  legumes  have 
been  grown  in  rotation,  with  the  result  that  the  organic 
matter  content  of  the  soil  is  seriously  depleted  and  the  soil 
made  more  erodible.  The  absence  of  a  leguminous  crop  in 
the  rotation  leaves  this  erodible  soil  exposed  to  water  ero- 
sion  at  criticai  periods  of  the  year.  In  a  typical  area  1 5  to 
30  inches  of  the  topsoil  have  been  removed. 

As  in  so  many  parts  of  the  United  States,  it  is  the  land 
tenute  system  which  is  chiefly  to  blame;  practically  ali  the 
farmers  are  tenants,  the  rent  for  their  farms  (often  not 
more  than  100  acres  in  size)  being  on  a  crop-share  and  a 
cash  basis.  The  cash  payment  on  the  basis  of  the  house,  the 
buildings  and  the  pasture  land  is  about  ten  dollars  per  acre. 
The  crop-share  system  is  adopted  for  the  land  in  crops  and 
the  farmer  is  therefore  not  encouraged  to  put  land  in  pas- 
ture or  dover.  The  crop-share  lease  encourages  crop,  and 
particularly  corn,  cultivation;  leases  of  this  type  usually 
run  for  one  year  only.  Stock-share  leases  place  the  emphasis 
on  livestock,  particularly  cattle,  and  on  pasture  and  hay 
crops,  and  are  usually  long-term  leases.  The  usuai  stock- 
share  lease  is  not  well  adapted  to  dairy  farmers,  and  an  im- 
provement  in  this  direction  would  facilitate  erosion  con- 
trol. A  cash-rent  lease  affords  the  tenant  complete  freedom, 
provided  the  rent  is  adjusted  to  the  price  level. 

In  the  Great  Plains  States,  depression  and  drought  have 
only  accentuated  a  situation  which  has  long  been  develop- 
ing.  The  settlers  of  the  Plains  attempted  to  adapt  the  recog- 
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nized  agricultural  practices  of  the  more  humid  regions 
from  which  they  carne  to  an  area  where  the  rainfall  is 
around,  and  for  considerable  periods  below,  the  criticai 
level  at  which  it  is  possible  to  grow  crops  by  these  methods. 
The  new  agriculture  which  is  being  slowly  developed  is 
based  upon  the  conservation  and  effective  utilization  of  ali 
the  water  available.  The  conservation  of  moisture  is  further 
facilitated  by  the  Great  Plains  project  to  plant  shelterbelts 
on  about  1,000,000  acres  of  farm  land  within  a  zone  100 
miles  wide  extending  through  the  prairie  plains  region 
from  the  Canadian  border  into  the  Texas  Panhandle. 

The  chief  problem  in  the  Great  Plains  Regions  and  par- 
ticularly  in  the  Southern  Great  Plains  is  the  control  of  drif  t- 
ing  and  blowing  of  soil.  The  control  measures  representing 
successive  lines  of  defence  against  wind  erosion  are: 

1.  Utilization  of  erosion-resisting  crop  residues. 

2.  Moisture  conservation  for  maintenance  of  vegeta- 

tion. 

3.  Emergency  cover  crops. 

4.  Windbreak  tree  planting. 

5.  Emergency  tillage  operations. 

The  ideal  system  of  management  would  require  the 
maintenance  of  vegetative  cover  until  soil  moisture  suifi- 
cient  to  ensure  the  successful  start  of  the  next  crop  has 
been  accumulated  in  the  soil.  The  accumulation  of  soil 
moisture  is  further  facilitated  by  terracing,  contour  tillage, 
contour  and  basin  listing  (ridging),  and  contour  furrow- 
ing  on  pasture  land.  Further  reUef  can  be  provided  by 
water  Storage  in  reservoirs  and  dams  for  livestock  and  irri- 
gation  purposes. 

The  native  forage-producing  lands  in  the  United  States 
suitable  for  use  by  livestock  cover  a  total  of  728  million 
acres,  or  about  38  per  cent  of  its  area.  The  range  country 
lies  in  the  western  half  of  the  United  States  and  consists 
almost  exclusively  of  lands  which  are  unsuitable  for  any 
other  form  of  agriculture  because  of  the  relatively  meagre 
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precipitation  or  other  adverse  climatic  conditions,  rough 
topography,  or  lack  of  water  for  irrigation.  Within  this 
range  territory  nineteen  million  cattle  and  thirty-six  mil- 
lion  sheep  and  goats  graze  for  part  or  ali  of  the  year  and 
produce  75  per  cent  of  the  country's  total  yield  of  wool 
and  mohair,  $$  per  cent  of  the  sheep  and  lambs  and  nearly 
one-third  of  the  cattle  and  calves.  Owing  to  the  low  pre- 
cipitation^ (averaging  fifteen  inches  per  annum),  high 
evaporation  and  other  adverse  factors,  range  forage  pro- 
duction is  small,  as  compared  with  that  of  humid  pastures. 
On  the  best  of  range  lands  two  acres  are  required  to  sup- 
port  a  cow  for  a  month,  while  on  the  poorest,  twenty  or 
more  acres  may  be  required.  In  addition,  recurring  drought 
makes  sustained  forage  production  uncertain,  requiring 
stili  more  conservative  grazing. 

Through  overgrazing  in  the  short  space  of  fifty  years, 
much  of  the  grazing  value  of  the  range  has  been  seriously 
depleted  and  even  now  stockmen  are  attempting  to  graze 
approximately  seventeen  million  animai  units  or  range 
having  a  sustained  grazing  capacity  of  about  ten  or  eleven 
million  units.  Ali  but  two  of  the  principal  range  types  are 
depleted  by  half  or  more.  The  tall-grass  range  depleted  by 
only  2 1  per  cent  reflects  especially  f avourable  growth  con- 
ditions. The  open  f orest  type,  with  depletion  of  about  3  3 
per  cent,  also  reflects  favourable  climatic  conditions  and 
national  forest  management.  The  salt-desert  shrub,  south- 
ern desert  shrub,  and  sagebrush-grass  types  ali  reflect 
criticai  growing  conditions  and  loss  of  grasses  from  exces- 
sive  grazing. 

An  important  factor  in  depletion  has  been  the  unsound 
land  policy  under  which  100  million  acres  or  more  of  sub- 
marginai land  bave  passed  to  private  ownership,  regardless 
of  character,  much  to  be  cultivated  unwisely.  The  succes- 
sive waves  of  failures,  reduced  standards  of  living,  the  de- 
feat  of  hopes  and  ambitions,  the  abandonment  of  homes, 
closed  schools  and  churches,  widespread  tax  delinquency 

*Fall  of  moisture  in  the  forni  of  dew,  raìn,  snow,  etc. 
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and  large  acreages  reverted  to  counties  and  States,  furnish 
an  indication  of  the  effect  of  unrestrained  exploitation  and 
range  destruction  on  social  well-being. 

Erosion  control  in  the  South-western  States  is  carried 
out  on  the  various  Indian  Reservations  and  other  areas,  the 
projects  here  being  very  large,  in  the  vicinity  of  fourteen 
to  seventeen  million  acres.  Material  progress  has  been  made 
in  the  development  of  sound  land-use  schemes  permitting 
the  users  of  Indian  land  to  carry  on  operations  without 
shifts.  Water  spreading,  by  the  construction  of  extensive 
dams  with  special  outlets  (spillways) ,  and  range  revegeta- 
tion  are  now  the  chief  lines  of  operation. 

In  California  the  problems  are  over-cultivation  on  exces- 
sively  steep  slopes  for  bean  growing,  erosion  in  orchards, 
deterioration  of  the  vegetation  of  the  mountains  due  to 
overgrazing  and  fire.  This  has  led  to  serious  erosion  in 
many  parts,  and  to  flooding  on  the  scale  of  the  Southern 
California  disaster  of  1938.  According  to  Dr.  W.  C. 
Lowdermilk,  the  cause  of  the  principal  damage  of  this  flood 
was  the  debris  in  the  flood  flows,  consisting  of  trees, 
boulders,  gravel,  sand  and  soil.  'The  run-ofl^  flows  were 
suffìcient  to  load  up  to  capacity  the  current  to  carry  such 
debris  and  as  these  currents  progressed  downstream  slight 
flattening  of  gradients  was  sufficient  to  cause  the  streams  to 
unload.  This  unloading  process  dammed  up  channels  and 
caused  the  streams  to  break  out  on  the  one  or  both  sides  of 
such  obstructions.  Thereupon,  the  streams  wandered  across 
areas  occupied  by  buildings  or  citrus  orchards  and  in  turn 
picked  up  new  loads  of  soil  later  to  be  unloaded  and  de- 
posited  in  dwellings  and  on  agricultural  lands.  Run-off 
from  steep  areas,  particularly  those  which  had  been  re- 
cently  burned  over,  produced  remarkable  mud-rock  flows, 
in  which  the  solids  were  found  to  be  two  and  one-half 
times  the  water  content.'  If  it  had  not  been  for  the  efl^ect 
of  debris  in  the  flood  flows,  it  is  doubtful  whether  any 
serious  damage  would  bave  occurred. 

To  quote  Raymond  Swing  again,  the  experiment  of 
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transforming  the  agricultural  economy  of  the  United 
States  is  the  greatest  that  the  Americans  have  ever  had  to 
tackle,  but  with  the  quality  of  the  'frontier'  days  remain- 
ing,  'one  stili  feels  that  America  is  a  land  of  unlimited  op- 
portunity,'  although  the  nature  of  the  opportunity  is 
changing.  'It  is  more  social  to-day  than  individuai,  and  the 
task  of  the  future  is  to  sa  ve  and  restore  the  continente 

The  Canadian  erosion  problem  represents  a  continuation 
northwards  of  that  of  the  prairie  and  Great  Plains  States  of 
the  United  States.  Soil  drifting  was  first  experienced  at  In- 
dian  Head,  Saskatchewan,  in  1887,  and  appears  to  have  de- 
veloped  soon  after  the  prairie  lands  were  broken  and  seeded 
to  grain.  Except  in  a  few  areas  where  successful  control 
measures  were  adopted,  the  intermittent  occurrence  of 
drifting  from  year  to  year  and  the  more  or  less  widely 
separated  areas  involved  have  probably  discouraged  any 
extensive  attack  on  the  problem.  During  the  years  from 
1931-1934  soil  drifting  became  so  serious  and  widespread 
that  more  definite  action  towards  effective  and  pefmanent 
control  became  imperative. 

Few  areas  on  the  prairie  are  entirely  immune  from  soil 
drifting.  The  practice  of  summer  fallowing,  essential  over 
the  greater  part  of  the  prairie  for  the  conservation  of  mois- 
ture,  provides  large  areas  of  bare  land  which  are  susceptible 
to  drifting.  Extremely  light  and  extremely  heavy  soils,  such 
as  sands  and  clays,  appear  to  be  more  susceptible  to  drifting 
than  loams.  Southern  Alberta,  southern  Saskatchewan  and 
south-western  Manitoba  are  the  areas  most  susceptible, 
elsewhere  there  may  be  periods  of  several  years  between 
the  occurrence  of  severe  dust  storms.  Drifting  usually 
occurs  during  the  spring  months  of  Aprii  and  May,  and 
occasionally  during  June,  although  it  is  not  infrequent  in 
southern  Alberta  even  during  the  winter  months. 

In  addition  to  the  damage  to  arable  lands,  there  is  con- 
siderable  overgrazing  in  the  ranching  areas,  although  they 
are  in  general  better  preserved  than  in  the  United  States.  It 
is,  however,  probably  true  to  say  that  overgrazing  on  the 
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prairie  has  not  been  sufficiently  severe  to  result  in  erosion 
except  in  certain  sandy  areas. 

Officiai  action  has  been  taken,  by  the  passage  through 
the  Dominion  Parliament  in  1935  of  the  Prairie  Farm  Re- 
habilitation  Act,  to  provide  for  the  rehabilitation  of  the 
drought  and  soil  drif ting  areas  in  Manitoba,  Saskatchewan 
and  Alberta.  Appropriations  of  $750,000  were  provided 
for  the  fiscal  years  1935-36  and  1936-37,  and  of 
$2,000,000  for  the  fiscal  year  1 93  7-38. 

The  measures  adopted  under  the  Act  encourage  farmers 
to  adopt  improved  cropping  and  cultural  practices  through 
the  agency  of  the  Dominion  Experimental  Farms,  District 
Experiment  Sub-Stations,  and  Agricultural  Improvement 
Associations.  Strip  farming,  cover  crops,  and  the  plough- 
less  fallow  are  being  promoted  in  order  to  check  soil  drift- 
ing.  In  addition,  farmers  are  helped  to  secure  seed  of 
drought-resistant  grasses,  and  trees  for  shelterbelts,  and  to 
develop  vi^ater  facilities  for  livestock  and  domestic  uses.  In 
connexion  with  this  programme,  a  considerable  amount  of 
research  work  on  drought  and  soil  drifting  is  being  con- 
ducted  both  on  the  Dominion  Experimental  Farms  and  on 
new  District  Experiment  Sub-Stations  and  Reclamation 
projects. 

Although  there  is  certainly  v^ater  erosion  in  Eastem  Can- 
ade, on  the  Peace  River  tableland,  and  in  British  Columbia, 
the  problem  in  these  areas  is  not  yet  as  urgent  as  that  of 
wind  erosion  in  the  prairies. 

Unregulated  felling  of  privately  owned  forests  in  the 
chief  f  orest  areas  of  the  United  States  and  Canada  is  stili  an 
important  factor  to  be  reckoned  with  in  the  conservation 
of  soil  and  particularly  in  the  control  of  flooding.  Hitherto 
forest  resources  bave  been  considered  to  be  inexhaustible. 
Already  great  areas  of  forests  in  the  United  States  bave 
been  cut  and  milled  without  regard  to  their  restoration; 
Mr.  F.  A.  Silcox  cites  many  examples  of  towns  and  villages 
where  ali  the  recognized  improvements  of  modem  civiliza- 
tions  bave  been  provided  for  populations  of  several  thou- 
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sands  dependent  on  the  exploitation  of  these  resources. 
These  centres  of  population  have  disappeared  or  have  been 
reduced  to  insignificance.  There  is  a  definite  danger  of  a 
repetition  of  this  type  of  occurrence  in  British  Columbia; 
the  authorities  are  aware  of  the  possibilities  of  f orest  devas- 
tation,  and  legislation  and  f orest  reservations  are  now  being 
adopted  both  bere  and  in  Eastem  Canada;  nevertheless, 
much  has  yet  to  be  done.  It  must  be  decided  whether  the 
f  orest  Services  or  the  lumber  interests  are  in  charge  or  con- 
trol of  the  f  orests,  bef  ore  any  degree  of  permanent  stability 
can  be  acquired  by  an  industry  whose  export  trade  had  a 
value  of  fifty-five  million  pounds  per  annum  before  the 
depression,  and  even  now  is  in  the  vicinity  of  thirty-two 
milhon  pounds. 

In  the  United  States,  President  Roosevelt  has  emphasized 
the  situation  regarding  private  forests  and  has  made  recom- 
mendations  on  the  question  of  their  protection  from  fire, 
insects  and  diseases,  and  on  the  desirability  of  introducing 
measures,  federai  and  state,  to  ensure  that  timber  cropping 
on  privately  owned  forest  lands  may  be  conducted  as  con- 
tinuous  operations,  with  the  productivity  of  the  lands  built 
up  for  future  requirements. 

Little  information  is  available  about  erosion  in  South 
America.  Deforestation  is  becoming  an  important  problem 
in  Brazil,  where  a  practicable  Forest  Code  is  disregarded 
and  large  areas  are  cleared  for  cultivation  or  to  provide  f uel 
or  grazing  land.  The  soil  fertili ty  in  the  Argentine  is  known 
to  be  decreasing  with  the  continuous  removal  of  animai 
products  and  the  neglect  of  adequate  use  of  manures  and 
f ertilizers,  and  erosion  may  ultimately  f oUow.  The  classical 
example  of  mountain  terracing  in  Perù  (Fig.  143)  stands  as 
a  lesson  to  modem  soil  miners. 

Dilferent  factors  are  concerned  with  the  erosion  which 
is  occurring  in  many  of  the  islands  of  the  West  Indies.  In 
Jamaica,  small  tenant  farmers  have  practised  shifting  culti- 
vation, paying  rent  for,  say,  one  acre  but  buming  and  de- 
stroying  forest  over  a  very  much  larger  area.  In  addition, 
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accessible  areas  of  forest  have  been  heavily  over-exploited, 
and  there  are  insufficient  Forest  Reserves.  In  the  plantation 
districts  ali  land  fit  for  this  type  of  cropping  has  been 
cleared,  but  in  addition  excessively  steep  slopes  have  been 
disposed  of  to  petty  settlers,  for  the  production  of  food- 
stuffs. 

A  reconnaissance  survey  of  Puerto  Rico  has  shown  that 
there  is  slight  erosion  on  1 9  per  cent  of  the  island,  mostly  on 
cultivated  parts  of  the  coastal  plains  and  alluvial  valleys  or 
on  gently  rolUng  pasture  lands;  moderate  erosion  was  found 
on  29  per  cent  and  severe  erosion  on  about  39  per  cent  of 
the  area.  Most  of  the  severe  erosion  occurs  in  the  rough 
mountainous  interior.  Sheet  erosion  is  the  most  common 
type,  with  gullies  occurring  on  a  little  less  than  2  2  per  cent 
of  the  total  area. 

Deforestation  has  also  been  excessive  on  some  of  the 
Windward  and  Leeward  islands.  For  example,  a  criticai 
stage  has  been  reached  on  the  island  of  St.  Vincent,  the 
prosperity  of  which  depends  upon  an  adequate  perennial 
supply  of  pure  water,  particularly  necessary  for  the  arrow- 
root  industry;  most  of  the  world's  requirement  of  this  com- 
modity  is  supplied  by  the  island.  This  industry  is  now  threat- 
ened  by  a  shortage  of  clean  water;  the  development  of  the 
banana  industry  and  a  knowledge  of  what  has  happened  in 
Jamaica  make  it  easy  to  f  oresee  an  increasing  pressure  upon 
the  forest  land  and  an  increased  load  of  silt  in  the  rivers. 

In  Trinidad,  felling  of  protection  forests  and  shifting 
culti vation  have  cause  d  serious  denudation,  erosion  and 
severe  flooding  in  the  Maracas  Valley  and  the  Caroni  plain. 

6  z.  A  Urge  gully  on  Mr.  Howard  Hobsorì's  farm.  The  gully 
(donga)  was  formed  by  flood  water  pouring  down  the  sides  of 
the  eroded  chajinels  and  was  eatìng  rapidly  into  the  land  {upper 
ptcture).  See  page  $4.  6  b.  The  donga  was  darmned  and  the  flood 
water  now  passes  harmlessly  over  the  eroded  tank,  to  he  dis- 
tributed  over  grassland  before  returning  to  the  draìnage  channel, 
where  it  is  agaìn  treated  in  the  same  way  (lower  picture).  See 
page  S4' 
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CHAPTER  IV 

Africa 


Africa  deserves  first  place.  Desiccation,  shortage  of  water 
and  the  'advance  of  the  desert.^  The  transformation  of  South 
Africa  into  semi-desert  in  the  tiventieth  century.  No  proof 
of  climatic  change  to  account  for  droughts.  Controlied  veld 
management  and  the  contour  furrow.  Mr.  Howard  Hobson's 
reclamatìon  work.  The  importance  of  Basutoland.  Southern 
Rhodesia.  Overstocking  in  Tanganyika.  Tsetse.  Density  of 
population  due  to  immigration  into  Nyasaland.  Uganda.  Soli 
Conservation  Service  organized  in  Kenya.  Erosion  stili  gain- 
ing  momentum.  The  encroachment  of  the  Sahara.  Abyssinia. 
British  Somaliland. 


T^ 


Àe  african  continent  has  been  recognized  more 
slowly  than  the  American  as  a  great  area  of  active  erosion, 
although  it  does  not  in  any  way  merit  a  relegation  to  second 
place.  When  the  seriousness  of  the  North  American  posi- 
tion  became  recognized,  the  great  publicity  connected  with 
the  national  conservation  drive,  both  in  the  American  Con- 
gress  and  in  the  Departments  concemed,  caused  the  Amer- 
ican problem  to  become  well  known  and  appreciated, 
almost  to  exaggeration,  throughout  the  world.  Now  that 
the  forces  of  erosion  are  being  slowed  up  in  America  and 
Canada  and  a  conservation  economy  is  being  slowly  de- 

7.  Orange  Free  State,  near  Bothaville.  Beginning  of  an  attempt 
to  control  a  donga;  contour  furrows  stop  head-stream  erosion 
a?id  other  contours  lead  the  water  away  from  the  donga.  See 
page  S4' 
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veloped,  it  is  probable  that  Africa  will  take  the  foreground. 
In  order  to  indicate  the  relative  extent  to  which  de- 
forestation,  overgrazing,  excessive  cultivation  and  other 
factors  have  led  to  erosion  and  desiccation  throughout  the 
continent,  a  brief  account  will  be  given  of  the  conditions 
at  the  present  day  in  the  various  countries  of  Africa.  The 
rate  of  progress  in  dealing  with  the  problem  is  slow,  due 
partly  to  the  wide  range  of  conditions  to  be  covered  and  a 
tardiness  in  the  development  of  principles  of  a  conservation 
economy  adapted  to  the  climatic  and  social  conditions,  but 
chiefly  to  the  slow  realization  of  the  actual  dangers  by  the 
governmental  and  administrative  authorities.  Throughout 
the  continent  erosion  is  stili  in  the  process  of  gathering 
momentum;  the  damage  which  has  been  done  in  the  past 
five  years  may  be  equalled  in  the  next  two  or  less.  In  spite 
of  this  ominous  outlook,  many  conservation  works  and  ex- 
periments  are  hindered  by  lack  of  funds  and  staff. 

The  characteristic  common  to  ali  parts  are  the  destruc- 
tion  of  the  vegetative  cover  accompanied  by  gully,  sheet 
■"Of  wind  erosion,  increasing  desiccation,  shortage  of  \\'ater 
for  human,  animai  or  irrigation  purposes,  and  a  general 
sinking  in  the  level  of  the  ground-water  table.  The  factors 
causing  destruction  of  the  vegetation  differ  in  f orests  and 
grasslands.  The  processes  of  deterioration  have  been  initi- 
ated  in  many  virgin  f  orest  areas  by  the  practice  of  shif  ting 
cultivation;  this  native  custom  in  its  originai  form  was  not 
dangerous,  bm  with  increasing  settlement,  and  more  fre- 
quent  return  to  the  same  plot,  the  soil  is  not  being  given. 
time  to  become  revegetated  and  thus  to  regain  its  fertility. 
As  a  result  the  vegetation  deteriorates  from  its  naturai 
climax  f orest  type  to  a  degenerate  f  orest  or  a  savanna  con- 
taining  remnants  of  the  originai  tree  flora.  Cropping  be- 
comes  impossible  owing  to  loss  of  f ertility  and  animai  graz- 
ing  is  introduced.  This,  combined  with  periodic  burning, 
perpetuates  the  processes  of  regression  and  the  grass  flora  of 
the  savanna  becomes  poor  and  sparse.  The  progress  towards 
desert  conditions  is  completed  by  the  goat. 
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In  grassland  areas  overgrazing  is  caused  more  by  badly 
distributed  stocking  than  by  overstocking;  the  pracdce  of 
kraaling  adopted  in  South  Africa,  and  the  difficulty  of  ob- 
taining  sufficient  water  holes  in  East  Africa,  are  factors 
leading  to  maldistribution.  Buming  of  grassland  is  also  an 
important  cause  of  deterioration;  this  practice  is  adopted  to 
provide  fresh  young  growth  or  to  bum  off  unpalatable 
standing  grass,  to  clear  grass  which  constitutes  a  fire  danger 
on  the  edges  of  f  orests,  and  to  assist  hunters.  Although  un- 
controlled  burning  is  a  dangerous  practice,  our  knowledge 
is  stili  insufficient  for  us  to  say  in  what  circumstances  and 
at  what  times  of  the  year  buming  can  be  adopted  without 
harmf ul  eff ects  on  the  vegetation  and  on  the  surface  of  the 
soil,  particularly  the  humus  layer. 

Throughout  Africa,  and  more  so  in  the  countries  border- 
ing  on  the  Sahara,  the  problem  of  increasing  desiccation 
(the  so-called  'advance  of  the  desert')  and  shortage  of 
water  supplies  is  becoming  ever  more  acute.  The  deterio- 
ration of  the  forest  through  savanna  to  poor  grassland  and 
ultimately  to  bare  ground  has  a  disastrous  effect  upon  the 
water  relations  of  the  many  areas  where  it  is  occurring.  The 
loss  of  equilibrium  in  the  ecological  balance  means  a  dis- 
turbance  in  the  hydrologic  cycle  (see  page  193),  particu- 
larly in  the  direction  of  a  great  increase  in  evaporation  f rom 
the  soil  surface  and  a  great  decrease  in  the  amounts  added 
to  the  valuable  underground  reserves  in  the  ground-water 
table.  Thus,  as  in  many  similar  parts  of  the  world,  the  rain-' 
fall  is  not  so  much  decreasing  as  becoming  less  effective, 
due  to  increased  run-off  and  evaporation.  The  urgency  of 
stopping  the  sinking  of  the  ground- water  level  cannot  be 
over-emphasized;  ali  schemes  of  rehabilitation  and  revege- 
tation  will  be  of  little  avail  if  these  resources  are  depleted. 

Another  aspect-^  common  to  many  countries  in  Central 
Africa  is  the  connexion  between  soil  erosion  and  tsetse  fl^ 
jontfòtrlJntil  recently  soil  conservation  and  fly  control- 
tended  to  be  antagonistic,  as  fly  control  necessarily  entailed 
tHe~dearing-Gf4arge  areas  of  infected  forest,  theTEb)rex^ 

Isi] 


VANISHING  LANDS 

posing  the  soil  to  erosion.  The  present  outlook  is,  how- 
ever,  more  promising,  as  it  is  considered  that  by  selective 
felling,  leaving  trees  of  a  certain  height  or  type,  it  will  be 
possible  both  to  control  the  fly  and  retain  the  protective 
f orest  cover.  The  difficulty  associated  with  this  is  that  it  is 
a  highly  skilled  job  to  know  how  the  felling  should  be 
done  under  the  wide  range  of  climatic  and  altitude  condi- 
tions.  Tropical  forest  management  as  practised  to-day  is  a 
very  crude  art  compared  with  European  forest  manage- 
ment. 

Although  South  Africa's  chief  source  of  national  wealth 
is  its  mines,  the  pastoral  industries  are  the  most  important 
agriculturally.  The  naturai  veld  and,  in  the  more  arid  parts, 
the  karroo  vegetation  provide  and  will  continue  to  provide 
most  of  the  animai  fodder,  supplemented  by  special  cuM- 
vation  of  grasses  and  forage  crops  in  favoured  locaUties  or 
at  suitable  periods  of  the  year.  Efosion  has  already  trans- 
formed  parts  of  the^richest  pastoral  areài"_irii  ffaf  nnnnrry 
into  semi-desert.  Considering  that  the  luxuriance  and  ex- 
"cessive  wetness  of  the  veld  in  the  Grange  Free  State  were 
previously  an  obstacle  to  pastoral  farming,  the  rapid  ap- 
pearance  of  the  disastrous  consequences  of  erosion  is  very 
remarkable.  It  occurs  in  ali  parts  of  the  Union,  either  as  an 
actual  or  probable  menace,  and  is  predominantly  a  pastoral 
problem. 

The^  great_miccrtainties,jì£  the  SQiitb-Afncan_climatc, 
and  the  suddenness  vioth  which  the  country  was  openè3~up 
after  the  discovery  of  gold,  bave  contributed  largely  to  the 
rapid  acceleration  of  erosion.  Towards  the  end  of  the  nine- 
teenth  century  it  was  realized  that  serious  overstocking  was 
taking  place,  but  public  attention  was  not  focused  on  the 
danger  until  the  Drought  Investigation  Committee  issued 
its  final  report  in  1923.  Until  then  the  opinion  had  been 
gaining  ground  that  the  climate  was  becoming  drier  and 
the  rains  more  torrential.  The  report  pointed  out  that  there 
was  no  proof  of  a  definite  and  recent  climatic  change,  but 
that  erosion  alonc_would  account  for  the  drying  up  of 
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rivers  and  waterholes,  the  f alling  water-table  and  the  in- 
creasingly  disastrous  effects^ol  droughts  and  heavy  fains. 
The  Commission  concluded  that  the  erosion  was  caused 
^chiefly  by  deterioration  of  the  vegetative  cover  brought 
about  by  incorrect  veld  management,  and  that  ali  efforts  to 
improve  the  latter  would  bave  a  beneficiai  effect^on  the 
former. 

The  worst  features  of  veld  management  are  kraaling, 
overstocking,  and  indiscriminate  burning.  Kraaling  is  prac- 
tised  as  protection  against  jackals.  It  forces  stock  to  lead  an 
unnatural  hfe,  weakens  their  constitution,  increases  their 
food  requirements  and  destroys  the  pasture  in  ever-increas- 
ing  radii  around  the  kraals.  Overstocking  and  the  resultant 
overgrazing  are  frequently  caused  by  extreme  variations  in 
climate,  and  the  farmer's  optimism  in  stocking  bis  land  on 
the  basis  of  a  good  season.  Veld  burning  is  an  old  custom 
which  has  damaged  or  completely  destroyed  the  naturai 
vegetation,  especially  on  mountain  slopes.  It  may  be  per- 
missable  on  sour  veld,  where  it  seems  to  be  the  only  prac- 
tical  means  of  controlUng  surplus  growth  and  preventing 
reversion  to  f  orest,  but  on  sweet  veld  it  should  be  dispensed 
with  altogether. 

^-Qtbgr^  causes^  crosioH-4iave  included  dcforcstation, 
particuIàrlylBy  the  natives  for  timb^  or-fife wood^ and  the 
-construction  of  roads  and  railways  without  regard  tQ.C-CHU 
_trol  of  storm  water.  Clearing  for  tsetse  fly  may  be  necessary 
in  North  Bechuanàland  and  Zululand,  although  fly  trap- 
ping  is  an  alternative. 

The  South  African  climate  and  relief  are  such  that  less 
than  45  per  cent  of  the  land  area  is  suitable  for,  and  less 
"than  5  per  cent  under,  cultivation.  The  country  is,  and  ap- 
parently  always  must  be,  predominantly  pastoral,  and  by 
far  the  most  important  problem  confronting  pastoralists, 
and  perhaps  the  whole  nation,  is  how  to  prevent  sheet  ero- 
sion by  maintaining  an  adequate  vegetative  cover  through 
controlied  grazing.  The  officiai  attitude  seems  to  aim  at 
discovering,  and  then  if  necessary  enf orcing,  the  best  prin- 
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ciples  of  pasture  management,  rather  than  at  indiscrimi- 
nately  discouraging  or  prohibiting  kraaling,  veld  burning 
and  other  practices  which  are  ingrained  in  the  South 
African's  attitude  to  the  land  and  may  ultimately  fìnd  a  re- 
stricted  place  in  a  suitable  pastoral  system,  which  must  be 
determined  for  each  region  according  to  the  prevailing 
soils,  vegetation  and  climate.  Any  economie  and  politicai 
measures  such  as  the  fostering  of  urban  activities  to  relieve 
the  land  overstocked  by  men  and  animals,  or  the  State  pur- 
chase  of  derelict  farms,  are  stated  to  be  useless  unless  they 
are  supplementary  to  the  controlied  veld  management 
which  is  the  crux  of  the  whole  problem.  With  the  aim  of 
developing  such  a  system  the  problem  is  being  studied  from 
the  ecological  and  practical  (e.g.  pastoral  systems)  points 
of  view.  J.  W.  Rowland  considers  that  detailed  studies  of 
ecological  succession  under  modem  grazing  conditions 
combined  with  careful  limitation  of  grazing  are  the  only 
sure  way  of  controUing  veld  deterioration  and  erosion.  The 
naturai  flora  under  f ree  grazing  conditions  was  quite  diif  er- 
ent  from  that  which  can  survive  under  modem  grazing 
systems.  Only  a  careful  study  of  plant  succession  under 
diff erent  grazing  conditions  can  show  which  system  is  best 
suited  for  each  type  of  locality.  Fencing  may  be  essential 
in  many  cases  to  obtain  complete  control  over  the  veld  and 
to  allow  rotational  grazing,  but  many  areas  bave  gone  too 
far  to  be  reclaimed  by  grazing  control.  T.  D.  Hall  sees  in 
the  contour  f urrow  or  ridge  terrace  one  of  South  Africa's 
great  hopes  for  the  future.  The  ridge  terrace  is  especially 
useful  on  gullied  land,  where  it  is  cheaper  and  more  effi- 
cient  than  damming.  It  not  only  restores  and  irrigates  the 
veld,  but  also  controls  flood  waters,  reduces  silting,  pre- 
vents  dams  from  breaking  and  rejuvenates  springs. 
^  Successful  reclamation  work  is  being  carried  out  by  Mr. 
/  Howard  Hobson  at  Vinies,  Grange  Free  State;  the  existing 
7  gullies  (dongas)  are  used  as  water  reservoirs  by  filling  thern 
/  with  water.  This  avoids  the  costly  process  of  filling  them 
l  with  earth.  Thereafter  excess  water  flows  harmlessly  over 
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the  top  of  the  dam  and  the  f armer  secures  a  valuable  water 
supply.  There  is  said  to  be  great  scope  for  the  appHcation 
of  these  methods  in  conjunction  with  the  recognized  prin- 
ciples  of  contour  construction.  Similar  methods  are  used 
with  success  in  Basutoland. 

'  Government  action  in  South  Africa  has  been  chiefly 
concemed  with  giving  State  assistance  for  guUy  reclama- 
tion;  it  is  considered  that  the  problem  of  tackUng  guUy 
formation  at  its  source,  by  controlling  sheet  erosion  and 
flood  waters  on  the  watershed,  can  at  present  be  acceler- 
ated  more  by  education  and  research  directed  towards  im- 
provement  in  such  matters  as  veld  management  and  main- 
tenance,  forest  and  watershed  protection,  than  by  direct 
financial  assistance. 

Since  1933  five  govemment  schemes  bave  opera ted, 
whereby  the  State  in  various  ways  meets  part,  or  ali,  of  the 
cost  of  the  construction  of  anti-erosion  works,  the  purchase 
of  implements,  or  the  erection  of  fences  to  protect  trees 
and  shrubs  planted  as  a  conservation  measure  on  eroded 
areas.  The  schemes  bave  not  entirely  f  ulfilled  their  originai 
purpose,  more  attention  having  been  paid  to  damming  than 
to  contour  banks,  guUy  repairs,  and  so  on. 

Schemes  bave  also  been  insti  tute  d  to  assist  the  reclama- 
tion  of  wind-eroded  lands,  both  in  the  inland  regions  and 
along  the  coast.  Temporary  plantings  of  grass  and  other 
protective  vegetation  bave  been  made,  with  a  view  to  the 
permanent  establishment  later  of  a  scrub  or  tree  vegetation, 
the  only  type  which  can  be  relied  upon  to  retain  drift  sand 
suffìciently. 

Steps  are  also  being  taken  for  the  State  purchase  of  large 
areas  in  the  mountains  of  the  Union,  the  object  being  to 
prevent  the  f urther  abuse  of  these  lands  in  private  hands  by 
-Qvergrazing,  burning  and  ploughing  on  steep  slopes,  and 
thereby  to  assist  in  the  prevention  of  increased  desiccation 
through  excessive  run-oif  and  floods.  AH  mountain  land 
bought  by  the  Government  will  be  administered  by  the 
Forestry  Department,  the  naturai  vegetation  being  given 
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appropriate  protection,  supplemented  hy  special  planta- 
tions. 

The  conservation  works  in  the  Union  itself  are  inti- 
mately  connected  with  control  in  the  three  Native  Protec- 
torates,  especially  Basutoland,  which  contains  the  dominant 
watershed  in  South  Africa.  A  sum  of  about  £  1 60,000  has 
been  allotted  from  the  Colonial  Development  Fund  f or  the 
ten-year  programme  of  erosion  control  in  Basutoland.  An 
ecological  survey  of  the  mountain  area  of  the  Protectorate 
by  R.  R.  Staples  and  W.  K.  Hudson  has  shown  that  no 
overstocking  need  occur,  provided  the  present  numbers  of 
cattle  are  not  exceeded  and  are  properly  distributed. 
Wholesale  overstocking  may  become  general  again  and 
action  is  necessary  to  avoid  this. 

In  Southern  Rhodesia,  sheet  erosion  is  severe  on  the  old- 
est  and  best  cultivated  soils  in  the  northem  districts  of 
Mashonaland.  Soil  conservation  measures  are  now  being 
accelerated  as  much  as  possible  by  ridge  terracing  and  other 
means.  Gully  erosion  is  extensive  on  range  land  and  in 
native  reserves,  principally  in  Matabeleland.  Veld  burning, 
clearing  and  subsequent  abandonment  of  bush  land  after  a 
few  years'  cultivation,  and  the  communal  system  of  land 
tenure  are  factors  which  influence  erosion  in  Southern 
Rhodesia. 

Impetus  was  given  to  the  conservation  movement  in 
1932  by  the  publication  of  the  Report  of  the  Soil  Erosion 
Committee  appointed  by  the  Rhodesia  Agricultural  Union. 
On  its  recommendation,  Central  Soil  Conservation  Advis- 
ory  Councils  bave  been  established  in  Salisbury  and  Bula- 
wayo,  and  a  system  of  district  sub-committees  has  been 
formed.  A  Soil  Conservation  Act  is  under  consideration. 
Free  technical  advice  and  assistance  are  given  by  govern- 
ment  engineers,  and  financial  advances  f  or  conservation  and 
irrigation  works  are  made  on  easy  terms.  Limited  quantities 
of  kudzu  vine,  spineless  cactus  and  certain  creeping  grasses 
are  issued  for  control  of  excessive  washing.  In  the  native 
areas,  the  Native  Department  employs  a  soil  conservation 
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officer  and  a  considerable  staff  for  educative  and  construc- 
tional  work.  Contour  ridging  and  draining  are  proceeding 
on  the  worst  eroded  areas. 

Northern  Rhodesia  is  sparsely  settled  by  Europeans  and 
the  greater  part  of  it  is  under  primeval  forest.  Erosion  is 
not  a  pressing  problem,  but  conservation  precautions  are 
being  taken  to  guard  against  future  eventualities. 

A  committee  was  formed  in  Tanganyika  in  193 1  under 
the  chairmanship  of  the  Director  of  the  Amani  Research 
Station  to  advise  on  the  problem  of  erosion.  This  commit- 
tee concluded  that  in  the  absence  of  suffìcient  funds  for  a 
direct  attack  on  the  problem  the  endeavour  should  be  edu- 
cative rather  than  directly  ameliorative.  While  Govern- 
ment was  prepared  through  its  officers  to  demonstrate 
methods  and  systems  for  arresting  erosion,  it  was  not  pre- 
pared to  carry  out  extensive  works,  either  to  prevent  ero- 
sion or  to  check  deterioration  in  eroding  areas.  It  is  now 
claimed  that  people  are  becoming  interested,  some  tribes 
and  clans  are  convinced  of  the  need  for  soil  conservation 
and  in  due  course  desirable  agricultural  practices  may  be 
carried  out  as  routine  and  custom.  Possibly  sooner  or  later 
general  legislative  measures  may  be  necessary  to  bring  a 
minority  into  line,  but  it  is  stressed  that  the  time  must  be 
ripe  before  enforcement  is  applied  generally  by  means  of 
a  territorial  law.  Meanwhile  conservation  rules  under  the 
Native  Authorities  are  being  encouraged. 

While  appreciating  the  losses  suffered  by  individuai 
through  erosion  and  the  danger  to  tribes  and  to  water  sup- 
plies  in  certain  areas,  it  must  be  realized  that  the  whole 
territory  is  not  seriously  endangered  by  man's  disturbance 
of  the  land,  for  the  total  cultivated  or  exposed  soil  area  is 
only  about  one-thirtieth  of  the  whole.  It  is  stated  that  7 
per  cent  of  the  area  of  the  territory  is  suff ering  f rom  over- 
stocking.  Thus  at  the  outside  only  one-tenth  of  the  area  of 
Tanganyika  Territory  is  affected,  and  some  of  that  one- 
tenth  is  not  really  menaced.  With  so  little  proportionate 
disturbance,  and  considering  the  naturai  regeneration  of 
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which  vegetation  is  capable  over  the  greater  part  of  trop- 
ical Africa,  it  is  unnecessary  to  be  pessimistic  about  the  con- 
dition  of  the  whole  Territory.  Nevertheless  this  one-tenth 
undoubtedly  represents  by  far  the  most  valuable  fraction 
of  the  country. 

According  to  the  Director  of  Veterinary  Services  (H. 
E.  Hornby ) ,  there  is  danger  of  a  loss  of  perspective  in  the 
relation  between  erosion  and  overstocking.  Soil  erosion 
is  not  synonymous  vi^ith  overstocking;  it  may  be  due 
to  many  factors  of  which  one  is  overstocking.  From  the 
purely  native  point  of  view,  overstocking  may  even  be  a 
necessary  evil,  since  it  tends  to  produce  aridity  and  to  re- 
duce the  incidence  of  certain  diseases;  native  stock  owners 
may  favour  it,  preferring  seasonal  losses  from  starvation, 
which  they  can  understand,  to  continuai  and  greater  losses 
from  diseases  the  nature  of  which  is  beyond  their  compre- 
hension.  The  only  hope  of  checking  the  growing  evil 
which  is  accelerated  by  laissez  faire  is  considered  to  be  in 
some  form  of  government  intervention.  The  utmost  im- 
portance  is  attached  to  the  institution  of  rotational  grazing, 
combined  with  the  multiplication  of  water  supplies,  the 
control  of  grass  burning,  and  a  control  of  the  type  and 
numbers  of  stock  which  may  use  each  of  the  units  of  graz- 
ing which  would  be  demarcated  and  developed. 

The  work  of  the  Tsetse  Research  Department  is  of  im- 
portance  in  connexion  with  erosion.  Many  tsetse  areas  exist 
in  the  Central  Provinces,  especially  where  the  fly  has  en- 
croached  on  cattle  grazing  lands  and  driven  the  stock  back 
into  what  was  already  overstocked  land;  again  the  tsetse  is 
delaying  the  spread  of  people  from  certain  overpopulated 
areas.  At  the  same  time  the  presence  of  tsetse  in  many  parts 
may  be  a  blessing  in  disguise,  as  it  can  be  regarded  as  acting 
as  the  trustee  of  the  land  for  future  generations. 

The  damage  caused  in  Nyasaland  by  unsettlement,  de- 
struction  of  forest  by  fires  and  unregulated  felling,  and 
inf erior  methods  of  agriculture  has  been  rapid  and  intense. 
Certain  of  the  native  tribes,  immigrants  or  descendants  of 
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invaders,  practised  shifting  cultivation;  the  resulting  de- 
nudation  of  hillsides  presents  to  the  administration  the 
greatest  problem  as  regards  food  production.  It  may  not 
be  many  years  before  the  limit  of  possible  food  production 
will  be  reached.  Important  waterways  have  been  silted  up 
and  much  valuable  alluvial  soil  washed  away.  Alountains 
and  hills  stand  out  as  large  masses  of  bare  rock,  treeless, 
plains  now  extend  over  large  areas  and  sections  burn 
fiercely  every  year.  The  high  density  of  population  is  aiL^ 
important  factor,  particularly  as  development  in  centrai 
^eas  has  led  to  congestion  in  the  highlands,  and  steep  slopes 
are  being  cultivated  everywhere.  The  average  soil  is  capable 
of  supporting  300  persons  per  square  mile.  The  increase  in 
the  number  of  Anguru  native  in  Nyasaland  from  120,776 
in  192 1  to  235,616  in  193 1  is  due  almost  entirely  to  immi- 
gration  from  Portuguese  East  Africa,  even  into  districts 
where  population  density  varies  from  88  to  116  per  square 
mile. 

According  to  the  Nyasaland  Government  Circular  No. 
3  of  1936,  the  following  measures  are  required  for  the  im- 
provement  of  agriculture  and  for  control  in  the  use  of  the 
land. 

(A)  Improvement  of  agriculture 

(i)  Soil  conservation;  by  terracing,  draining,  contour 

planting  and  contour  bunding. 
(2)  Maintenance  of  soil  fertility;  by  the  use  of  cattle 

manure,  compost,  mulching  and  systems  of  ro- 

tations. 

(B)  Control  in  the  use  of  the  land 

(  I  )  Protection  of  major  catchment  areas  and  watersheds 
by  means  of  forest  reserves. 

(2)  Protection  of  stream  banks  and  steep  hill  slopes 

under  powers  of  the  forest  laws. 

(3)  Preservation  of  naturai  vegetation  on  the  poorer 

soils  of  the  country. 
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(4)  Preservation  of  belts  of  forest  and  naturai  vegeta- 

tion  on  the  better  lands,  to  forni  windbreaks. 

(5)  Maintenance  of  village  forest  areas  which  should 

normally  occupy  land  unsuitable  for  (or  less 
suited  to)  agriculture,  for  example,  bill  slopes  and 
poorer  soils. 

(C)  Measures  complementary  to  A  and  B. 

(i)  Prevention  of  settlement  by  immigrants. 

(2)  The  redistribution  of  population  where  necessary. 

(3 )  The  opening  up  of  unused  land  by  well-boring  and 

control  of  tsetse  fly. 

(4)  The  control  of  bush  fires  and  insistence  on  the 

poUcy  of  early  burning. 

(5)  The  graduai  suppression  of  finger  millet  culti vation 

by  methods  involving  the  burning  of  wood  to 
beat  the  soil. 

The  tribal  wars  which  were  a  characteristic  of  Uganda 
in  the  early  days  ceased  with  the  advent  of  European  ad- 
ministration.  Medicai  and  veterinary  science  controlied  the 
diseases  to  a  large  extent,  with  the  result  that  the  human 
and  animai  population  increased.  Simultaneously  trials  of 
cash  crops  for  export  were  made  and  thirty  years  ago  it 
was  becoming  clear  that  cotton  was  the  crop  best  suited  to 
locai  conditions.  To  achieve  and  retain  new  standards  of 
luxury  the  natives  increased  their  plots  of  cotton,  with  the 
\  result  that  the  area  under  cotton  in  the  years  19 16,  1926 

\  and  1936  was  133,000,  533,000  and  1,500,000  acres  re- 
spectively.  The  size  of  the  individuai  plots  increased  and 
in  some  districts  large  communal  plots  were  cleared  every 
year  with  no  intervening  strips  of  bush  or  grass  vegetation. 
The  increasing  cattle  population,  which  has  resulted  in 
widespread  overstocking  by  pastoral  tribes,  likewise  de- 
mands  a  larger  grazing  area,  and  has  intensified  the  native 
practice  of  burning  the  grass  and  bush  country  in  the  dry 
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season  to  stimulate  the  succulent  young  grass  that  comes 
up  after  hurning.  The  common  African  difficulty  is  en- 
countered  here  that  the  native  is  as  unwilling  to  part  with 
his  animals  as  the  white  man  with  his  money;  attempts  are 
being  made  to  substitute  cash  f  or  cattle  and  at  the  same  time 
to  encourage  a  taste  f or  meat,  as  it  has  been  f ound  that  the 
standard  of  native  health  improves  on  an  increased  protein 
diet.  The  preservation  of  grazing  land  in  the  tali  grass  and 
short  tree  savanna  country  depends  largely  on  the  annua! 
grass  fire,  since  if  this  fails  the  country  very  quickly  goes 
over  to  forest.  Cattle  in  this  type  of  country  are  never  the 
primary  cause  of  erosion,  since  if  there  is  overstocking  the 
grass  is  eaten  short,  the  annual  fire  fails  and  forest  super- 
venes. 

The  effect  on  erosion  of  introducing  the  plough  must 
have  been  considerable;  one  serious  result  of  ploughing  has 
been  the  spread  of  clean  clearing  with  the  complete  re- 
mnvfl]  of  bush  j:QQts^nd_stumps^  Clean-cleared  land  suff ers 
badly  frpm  desiccatioaJiLlhldry^ason,  and  much  benefit 
would  be  derived  from  suitably  situated^Windbreaksr  In- 
deed,  a  general  reforestation  scheme  has  been  suggested,  as 
the  irregularity  and  torrential  nature  of  the  rainfall  are 
powerful  eroding  factors  and  are  believed  to  have  been  K  \p- 

intensified  by  deforestation.  Protection  forests  are  also  re-  IV 

quired  to  regniate  streamflow  as  well  as  for  their  direct         T 
influence  in  checking  erosion.  Notwithstanding  the  rela-        ^ 
tively  high  rainfall,  five-sevenths  ofmganda_su2exsjErom   Nr^ 
an  insufficient  water  supply  and  there  is  reason  to  believe 
that  as  a  result  of  erosion  and  other  causes  the  general 
ground-water  level  is  falUng  and  the  lakes  are  receding. 
Particularly  urgent  is  the  reforestation  of  the  important  and 
now  badly  eroded  watershed  in  Karamoja,  a  district  acting 
as  a  buffer  between  the  desert  regions  in  the  north  (Tur- 
kana)  and  the  densely  populated  agricultural  regions  to  the 
south  and  west.  Noticeable  desiccation  of  Karamoja  has 
already  occurred  since  its  denudation.  In  several  parts  of 
the  Protectorate  the  problem  of  the  co-ordination  of  tsetse 
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fly  control  (which  necessitates  clearing  the  bush)  with 
soil  conservation  measures  exists  in  an  acute  form. 

The  use  of  grass-covered  contour  bunds  built  on  every 
second  foot  of  contour,  together  with  closer  spacing,  is 
being  recommended  for  native  cotton  culti vation;  experi- 
ments  are  being  made  with  planted  grass  covers  and  green 
manures  to  ascertain  how  far  the  necessary  resting  period 
can  be  shortened  and  the  general  fertility  leve!  raised. 
Farmyard  manure  is  also  being  tested  as  an  alternative  or  a 
supplement  to  green  manures. 

A  special  Soil  Conservation  Service  has  been  organized 
in  Kenya,  under  the  Department  of  Agriculture,  and  sur- 
veys  bave  been  made  of  the  degree  and  type  of  erosion  in 
the  different  native  reserves.  Most  of  the  earlier  reports 
from  Kenya  dealt  with  the  more  accessible  Ukamba 
(Machakos)  and  Kamasia  Reserves,  but  it  is  now  being 
shown  that  other  reserves,  e.g.  the  Kitui  and  the  Emba  Re- 
serves, are  as  bad  if  not  worse.  The  Turkana  Desert  is  said 
to  be  spreading  outwards  at  the  rate  of  six  or  seven  miles 
per  year;  this  spread  is  due  not  so  much  to  the  influence  of 
beat  and  aridity  projected  from  existing  deserts  as  to  de- 
struction  of  vegetation  through  overstocking  and  fire  by 
herdsmen  and  primitive  agriculturists  on  the  fringe  of  the 
desert.  This  destruction  is  intensified  by  the  occurrence  of 
at  least  one  and  generally  two  severe  dry  seasons  in  the 
year.  The  establishment  of  a  forest  beh  several  miles  wide 
and  about  loo  miles  long  might  assist  in  extending  the  area 
aff ected  by  the  locai  instability  rains  around  Lake  Victoria- 
Nyanza.  The  Karamoja  district  in  Uganda  and  the  West 
Suk  districts  in  Kenya  would  be  the  areas  to  derive  most 
benefit  if  this  afforestation  had  the  desired  result  of  pushing 
back  the  desert. 

In  the  moister  districts  of  the  Kikuyu  and  Kavirondo 
Reserves  erosion  is  continuing  in  many  places  at  a  very 
rapid  rate,  due  to  the  increasing  demands  made  by  the 
people  on  the  land  owing  to  (a)  increased  population;  (b) 
increased  desire  to  obtain  cash  through  the  sale  of  crops; 

[62] 


AFRICA 

cotton  is  the  cash  crop  most  conducive  to  erosion,  f  ollowed 
by  maize;  (e)  the  absence  over  large  areas  of  a  suitable 
mixed  farming  system;  (d)  the  cultivation  of  hillsides  un- 
suitable  for  tillage;  (e)  lack  of  conservation  measures  in 
general;  (f  )  concentration  of  stock  in  small  areas;  (g)  sub- 
division  and  fragmentation  of  holdings  under  existing  sys- 
tems  of  land  tenure. 

In  the  European  areas  erosion  is  caused  by  exhaustion  of 
the  soil  through  long  and  continuous  cropping  without  the 
adoption  of  measures  to  prevent  erosion  and  maintain  the 
humus  content  of  the  soil.  The  results  of  land  misuse  are 
only  now  becoming  apparent  in  a  grave  f orm,  as  much  of 
the  land  in  the  settled  areas  has  been  culti vated  for  only 
fifteen  to  twenty-five  years. 

Some  areas  in  Kenya  bave  already  reached  such  a  state 
of  devastation  that  nothing  short  of  the  expenditure  of 
enormous  and  quite  impossible  sums  of  money  could  re- 
store  the  land  for  human  use  above  a  bare  and  precarious 
subsistence  standard.  In  such  cases  the  only  practicable 
poHcy  is  likely  to  be  the  resettlement  of  the  natives  under 
strictly  controlied  settlement  schemes  in  more  favourable 
situations,  such  as  has  been  done  by  the  Government  in 
Tanganyika.  It  is,  however,  evident  that  resettlement  of 
natives  from  devastated  areas  is  possible  to  only  a  limited 
degree  and  for  a  limited  time  in  Kenya  Colony,  in  which 
there  are  not  vast  areas  of  unpopulated  lands  such  as  occur 
in  Tanganyika.  Generally  speaking,  erosion  in  Kenya  has 
become  serious  only  during  the  past  ten  years,  but  tfiere 
has  been  a  marked  acceleration  during  the  past  five  years. 
In  addition  to  the  causes  enumerated  above,  the  locust  in- 
vasions  of  1929-30-3 1  and  the  drought  of  193 1-35  greatly 
accelerated  the  process  and  were  largely  responsible  for 
making  it  so  apparent  in  the  space  of  a  few  years.  It  is 
stated  that  erosion  has  become  marked  only  since  the  com- 
ing  of  the  European. 

From  the  descriptions  of  the  conditions  in  a  few  of  the 
larger  countries  of  Africa,  it  will  be  obvious  that  the  posi- 

[6}] 


VANISHING  LANDS 

tion  is  serious  and  that  an  enormous  amount  of  conservation 
work  and  education  of  both  Europeans  and  natives  is  essen- 
tial  before  erosion  can  be  controlied.  The  threat  of  a  suc- 
cession  of  man-made  deserts  is  a  very  real  one  to  ali  parts 
of  Africa,  and  not  merely  to  those  bordering  on  the  Sahara 
itself.  Professor  Stebbing  employs  evidence  of  abandoned 
villages  now  lying  in  sandy  wastes  and  the  observations  of 
French  and  Brtish  administrative  officers  to  show  that  the 
desert  has  progressed  southwards  during  the  last  few  cen- 
turies  at  an  average  rate  of  about  a  kilometre  a  year.  This 
progress  of  the  Sahara  requires  further  study,  but  the  de- 
terioration  of  the  savanna  country  appears  to  be  well 
established. 

The  problem  of  the  encroachment  of  the  Sahara  has  re- 
cently  been  investigated  by  an  Anglo-French  Forestry 
Commission  in  Northern  Nigeria  and  the  French  Niger 
Colony.  The  Commission  did  not  reach  the  same  conclu- 
sions  as  Professor  Stebbing.  Silting  up  of  streams  and  rivers 
has  reduced  the  amount  of  surface  water  on  the  fringe  of 
the  Sahara,  but  this  process  is  very  slow  and  does  not  con- 
tribute  an  immediate  threat  to  the  prosperity  of  the  West 
African  colonists.  Protection  of  headwaters,  flood  control, 
reservation  of  forests,  and  the  reduction  of  shifting  cultiva- 
tion  in  the  drier  parts  can  ali  play  a  part  in  delaying  the 
deterioration.  It  is  considered,  however,  that  depopulation 
is  due  not  to  desiccation  but  to  politicai  and  economie 
factors,  inter-tribal  wars,  slave  raiding  and  pestilence. 

Reports  of  increasing  desiccation  also  come  from  the 
countries  on  the  northern  border  of  the  Sahara,  e.g.  in  the 
Trans-Atlas  districts  of  French  Morocco,  where  cultiva- 
tion  is  becoming  increasingly  difficult  each  year.  In  the 
Mediterranean  countries,  where  the  rainy  season  and  the 
cold  season  coincide,  the  evolution  towards  desert  condi- 
tions  is  less  rapid  than  in  tropical  countries,  but  it  is  just 
as  certain  and  not  less  difficult  to  reverse. 

In  the  cast  we  bave  Egypt  clinging  to  the  Nile  Valley, 
dependent  for  its  waters  upon  lakes  and  marshes,  some  of 
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which  are  already  aff ected  by  erosion,  siltation  and  graduai 
drying  up.  It  remains  to  be  seen  whether  the  Italian  devel- 
opment  of  Abyssinia  will  be  carried  out  with  recourse  to 
the  basic  principles  of  a  conservation  agriculture  adapted 
to  the  conditions  they  find  there.  British  Somaliland  was 
threatened  by  wind  erosion  and  the  spread  of  a  desert 
caused  by  overstocking  by  nomadic  tribes,  but  the  good 
results  of  temporary  closure  of  grazing  areas  are  a  hopeful 
sign  in  the  control  of  increasing  desiccation. 

The  African  problem  is  much  more  difficult  to  control 
than  the  American.  No  *nation-wide'  conservation  pro- 
gramme  can  possibly  be  developed  with  so  many  diiFerent 
xountriés,  races,  climatic  conditions,  soils,  agricultural 
'"methods,  land-tenure  systems  and  so  on,  but  it  is-just  these 
factors  which  make  the  development  of  conservati^i-- 
methods  and  systems  so  extremely  urgent  to  ali  authorities 
concerned. 
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CHAPTER  V 

Australia  and  New  Zealand 


US. A.  and  Australia  compared.  Water  eroston  the  most  im- 
port ant  economìcally.  Wheat  lands  of  Nenv  South  Wales. 
Rate  of  ero  Sion  greater  than  in  U.S.  A.  Water  erosion  in  other 
States.  Wind  erosion  in  the  semi-arid  pastoral  beh.  Influence 
of  rabbits  exaggerated.  Recovery  in  eroded- pastoral  areas. 
Drift  in  New  South  Wales  and  Queensland.  Future  of  pas- 
toral industry.  Ranson  Mortlock  Laboratory.  Drift  in  the 
Mallee.  Def  or  estation.  Need  for  erosion  survey  and  co- 
ordinated  action.  The  tussock  grasslands  of  New  Zealand. 
Sown  pastures  on  deforested  land.  Grass  seeding  on  bum  to 
avoid  erosion.  Deforestation  recognized  as  having  been 
excessive.  Control  of  floods  and  excessive  soil  washing. 


Th 


HE  ACTUAL  EXTENT  of  crosioii  damagc  is  much  less  in 
AustraKa  and  New  Zealand  than  in  the  United  States  of 
America,  when  measured  in  terms  of  acres  affected.  Fig- 
ures  are  not  yet  available  as  to  the  percentage  of  the  culti- 
vated  land  in  Australia  which  is  suffering  from  erosion,  but 
it  is  probable  that  further  investigations  will  show  the  ex- 
tent  to  be  far  greater  than  is  generally  realized  at  the  pres- 
ent  time.  The  United  States  and  Australia  are  practically 
identical  in  size  (2,973,800  and  2,974,600  square  miles  re- 
spectively)  but  the  figures  for  total  acreage  under  crops 
differ  widely  (360,000,000  and  20,000,000  acres  respec- 
tively).  Australia  thus  has  a  comparatively  small  area 
capable  of  supporting  a  dense  rural  population,  a  f  act  which 
suggests  that  the  soil  on  that  area  must  be  conserved  ali  the 
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more  caref  ully,  particularly  if  Dr.  Madigan's  hypothetical 
maximum  population  of  60,000,000  is  even  to  be 
approached. 

Although  great  stress  has  been  laid  on  the  eff  ects  of  wind 
erosion,  partly  because  it  has  been  more  spectacular  in  some 
areas  and  partly  because  it  is  more  widespread,  from  the 
purely  economie  point  of  view  water  erosion  is  the  more 
important  problem  in  Australia.  A.  G.  Lowndes^  states  that 
in  total  economie  loss  the  erosion  in  the  wheat  lands  of 
New  South  Wales  is  probably  more  important  than  the 
combined  effects  of  the  other  types  of  erosion  in  Australia. 
'The  wheat  lands  of  New  South  Wales  are  the  most  ex- 
tensively  and  seriously  damaged  areas  in  AustraUa.  This  is 
due  firstly  to  the  f act  that  in  New  South  Wales  most  of  the 
wheat  is  grown  on  undulating  land  with  slopes  of  from  3  to 
8  per  cent,  whereas  in  the  other  States  the  wheat  lands  ap- 
proximate  to  plains.  Again,  in  New  South  Wales  the 
climatic  conditions  are  more  conducive  to  erosion  than  in 
the  other  States.  In  Victoria,  South  Australia  and  Western 
Australia  the  rainf  ali  has  a  more  marked  winter  occurrence 
and  the  intensity  of  individuai  falls  is  not  as  great;  particu- 
larly in  the  wheat  areas  of  north- western  and  centrai  New 
South  Wales  summer  thunderstorms  are  more  frequent, 
and  it  is  these  odd  thunderstorms  which  do  the  greatest 
amount  of  damage.' 

According  to  E.  S.  Clayton,  'worse  examples  of  water 
erosion  are  already  to  be  seen  in  Australia  in  open  grazing 
and  cultivated  lands  than  in  the  United  States  and  Canada,' 
while  Americans  who  bave  visited  Australia  bave  given  the 
impression  that  the  rate  of  erosion  in  many  parts  of  that 
country,  and  particularly  in  the  eastem  half  of  New  South 
Wales,  is  greater  than  in  the  United  States. 

Much  of  this  land  in  New  South  Wales  would  now  be 
recognized  as  too  steep  f or  cultivation,  and  would  be  safer 
as  pasture,  especially  if  contour  furrows  were  employed. 
Many  examples  of  erosion  in  orchards  are  known,  particu- 

^In  a  communication  to  the  Director  of  the  Imperiai  Bureau  of  Soil  Science. 
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larly  in  undulating  country.  In  the  coastal  dairy  districts 
very  rapid  erosion  f oUows  cultivation  of  maize  and  f odder 
crops.  The  position  with  regard  to  water  erosion  in  the 
cotton  belt  in  Queensland  also  requires  careful  attention. 
Sheet  erosion  is  widespread  in  Tasmania,  particularly  on 
the  basaltic  soils  in  the  north;  the  southern  apple-growing 
districts  are  also  affected  locally  by  severe  water  erosion. 

Serious  wind  erosion  has  occurred  in  the  semi-arid  pas- 
toral  belt  where  the  States  border  upon  the  centrai  arid 
'desert'  region  of  Australia.  F.  N.  Ratcliffe  has  made  a 
special  study  of  the  problems  which  bave  arisen  in  this  belt, 
which  lies  between  the  ten-inch  isohyet^  and  the  desert 
area  centred  in  the  Lake  Eyre  basin  and  embraces  the 
greater  part  of  South  Australia,  a  considerable  part  of 
western  New  South  Wales,  the  south-west  corner  of 
Queensland  and  the  drier  pastoral  areas  of  Western  Aus- 
tralia. The  total  annual  figures  of  the  very  variable  rainfall 
in  these  areas  may  mean  very  little,  as  much  of  the  rain  f  alls 
as  light,  ineifective  showers. 

More  erosion  and  drif  t  bave  occurred  in  South  Australia 
in  the  'bush'  country  (saltbush  shrub  steppe)  than  in  the 
mulga  scrub  (acacia  semi-desert  scrub)  ;  stocking  by  sheep, 
and  not  rabbits  or  drought,  bave  been  the  direct  cause  of 
the  destruction  of  the  protective  plant  cover.  The  saltbush 
country  is  f  undamentally  unsuited  to  stocking  at  a  Constant 
level,  unless  that  level  is  determined  on  a  'poor  season'  basis. 

Rabbits  in  association  with  drought  usually  receive  the 
chief  blame  for  soil  drift,  but  F.  N.  Ratcliffe  considers 
that  their  influence  has  been  exaggerated,  at  least  in  con- 
nexion  with  semi-arid  South  Australian  pastures.  It  is  esti- 
mated  that  in  the  bush  country,  where  drought  is  most 
extensive,  the  bush  cover  has  been  reduced  to  io  to  25  per 
cent  of  its  originai  density  by  overstocking,  which  has 
latterly  been  almost  unavoidable  after  twelve  drought 
years.  Rabbit  infestations  occur  only  in  good  seasons  and 
persist  only  as  long  as  annual  green  herbage  is  obtainable; 

^Line  00  Map  connecting  places  of  the  same  average  rainfall. 
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although  the  rabbits  themselves  do  not  seriously  attack  the 
perennial  cover  of  saltbushes  and  bluebushes,  they  are  cer- 
tainly  an  accessoiy  factor  in  that  the  sheep  are  forced  to 
utilize  the  bush  reserve  before  they  would  otherwise  bave 
done.  In  other  words,  rabbits  cause  symptoms  of  over- 
stocking  to  appear  at  exceptionally  low  stocking  levels.  On 
the  other  band,  the  vast  sandhill  areas  of  mulga  (Acacia) 
scrub  appear  to  be  irretrievably  doomed  to  drift  unless  the 
rabbit  can  be  exterminated,  as  it  eff  ectively  prevents  regen- 
eration of  the  scrub.  The  scrubland  carries  an  ephemeral 
herbage  vegetation  and  'the  only  safe  way  of  utilizing 
sandhill  country  is  to  stock  it  heavily  while  the  flush  of 
ephemeral  feed  is  on  (and  the  heavier  it  is  stocked  the  less 
f eed  there  will  be  f or  the  rabbits) ,  and  to  remove  ali  stock 
completely  before  the  plants  bave  been  eaten  down  to  the 
roots  and  the  surface  cut  about  too  much'  (F.  N.  Rat- 
cHife). 

Any  appreciable  degree  of  recovery  in  the  eroded  pas- 
toral  areas  must  depend  upon  a  readjustment  of  stocking 
policy  in  the  direction  of  hght  stocking  which  would  per- 
mit  the  regeneration  of  the  hardier  native  pasture  plants. 
The  large  moving  sandhills  present  the  most  diificult  prob- 
lem,  as  the  more  suitable  native  sand-binding  plants  are 
most  susceptible  to  rabbit  attack  and  are  in  any  case  slow  in 
becoming  established.  Some  exotic  plant,  preferably  with  a 
rhizomatous  habit  of  growth,  unpalatable  to  rabbits  and 
capable  of  growing  under  an  irregular  rainf  ali  of  six  to  nine 
inches  a  year  is  needed.  Research  in  progress  at  the  Waite 
Agricultural  Research  Institute  has  shown  that  two  plants 
in  particular  are  likely  to  be  of  value  in  the  reclamation  of 
sand  drif ts  in  a  Mallee  area.  Rye  appears  to  be  outstanding 
among  the  cereals  and  grasses  for  providing  a  temporary 
cover  under  conditions  of  limited  winter  rainfall  on  an  area 
of  moving  sand.  Reasonable  yields  of  grain  and  dry  matter 
were  produced  on  drift  sand  in  1937  when  the  effective 
winter  rainfall  was  6.21  inches.  The  other  species  of  value 
is  African  pyp  grass  (Ehrharta  villosa)  which  must  be 
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planted  from  roots,  but  spreads  rapidly  in  sand  by  rhisoma- 
tous  development  when  once  established,  and  permanently 
stabilizes  drift  sand  in  an  area  receiving  ten  to  eighteen 
inches  average  annual  rainfall,  of  which  about  50  per  cent 
formes  the  effective  winter  rainfall.  Present  investigations 
are  designed  to  test  the  establishment  of  permanent  herbage 
plants  on  a  drift  area  temporarily  stabilized  by  seeding  with 
rye,  and  the  influence  of  soluble  phosphate  and  the  seeding 
of  additional  pasture  species  on  an  area  permanently  re- 
claimed  with  pyp  grass. 

The  South  Australian  Government  has  recently  intro- 
duced  a  scheme  for  reducing  pastoral  rents  with  special 
consideration  for  lessees  who  agree  to  reduce  their  stock, 
fence  off  aifected  areas,  and  set  aside  permanent  reserves 
for  seeding  native  plants  and  trees.  What  more  funda- 
mental  measures  for  saving  the  arid  pastoral  regions  could 
be  undertaken  with  reasonable  hope  of  success  is  stili  an 
unsolved  problem. 

The  position  with  regard  to  soil  drift  in  New  South 
Wales  diff ers  little  from  that  in  South  Australia.  The  con- 
ditions  in  the  former  State  may  even  be  said  to  be  worse 
than  in  South  Australia,  as  unwise  subdivisions  of  large 
holdings  bave  been  made  for  closer  settlement  under  un- 
satisfactory  conditions.  The  fundamental  problems  are  as 
difficult  to  solve  bere  as  in  South  AustraUa. 

Four  of  the  five  main  types  of  country  in  south-westem 
Queensland  were  found  by  F.  N.  Ratcliife  not  to  be  very 
subject  to  wind  erosion.  Sandhills  represent  the  fifth  type; 
these  are  naturally  affected  by  wind  and  movement  of 
surface  sand  is  frequent,  although  the  sandhills  themselves 
are  essentially  stationary.  The  Queensland  sandhills  diff er 
widely  from  those  in  South  Australia;  from  the  point  of 
view  of  providing  feed  for  stock,  they  are  more  productive 
than  any  other  type  of  country  found  in  that  region,  with 
the  exception  of  'flooded'  areas.  The  South  Australian 
drifts  are  markedly  sterile,  a  fact  which  suggests  a  poverty 
of  seed  that  might  be  counteracted  by  artifìcial  means. 
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F.  N.  Ratcliffe  concludes  that  'stocking,  as  practised  in 
Australia,  must  inevitably  result  in  the  progressive  reduc- 
tion  of  the  slow-growing,  evergreen  f odder  plants  in  semi- 
desert  regions  subject  to  frequently  recurring  droughts. 
And,  in  tum,  the  reduction  of  edible  shrubs  and  bushes 
renders  the  country  increasingly  risky  for  the  pastoralist, 
since  the  eifect  of  droughts  will,  as  a  result,  be  more  and 
more  rapidly  f  elt. 

*It  might  be  as  well  to  point  out  that  country  stocked 
with  cattle,  at  any  rate  country  where  breeding  is  not  car- 
ried  out  to  any  great  extent,  should  be  less  liable  to  suifer 
serious  vegetational  change  than  country  given  over  to 
sheep.  Wool  production,  on  Australian  standards,  demands 
some  continuity  in  breeding  poHcy,  and  thus  in  the  breed- 
ing flock;  and  there  is  accordingly  every  temptation  to 
strain  the  fodder  reserve  to  the  uttermost  in  times  of 
drought  in  order  to  avoid  having  to  sell  part  or  ali  of  the 
breeding  flock,  which  might  otherwise  be  obviously  de- 
sirable.  Moreover,  more  expensive  improvements  are  re- 
quired  on  a  sheep  station  than  on  a  cattle  run;  and  this  sets 
a  minimum  economie  limit  to  the  flock  which  can  be 
carried. 

'In  extending  pastoral  settlement  into  arid  and  desert- 
marginal  regions,  Austraha  is  in  reality  carrying  out  an 
experiment.  The  success  or  failure  of  that  experiment  will 
depend  on  how  the  problem  of  recurrent  droughts  is 
handled.' 

An  important  step  in  the  campaign  against  soil  erosion 
and  in  the  regeneration  of  pastures  in  areas  of  low  rainfall 
in  Australia  was  made  in  1936,  when  a  sum  of  ;^ 2 5,000  was 
presented  to  the  University  of  Adelaide  by  the  family  of 
the  late  Mr.  Frederick  Ranson  Mortlock.  This  gift  pro- 
vided  for  a  suitable  building  to  be  erected  at  the  Waite 
Agricultural  Research  Institute;  the  building  was  occupied 
in  March,  1938. 

Soil  drift  also  occurs  in  the  Mallee  areas  as  the  result  of 
clearing  the  vegetative  cover  for  wheat  cultivation.  Mallee 
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soils  are  saline  or  alkaline,  formed  under  a  low  winter 
rainfall  and  within  the  influence  of  the  Southern  Ocean. 
Drifting  of  light  sandy  soils  occurs  on  a  large  scale  in  some 
districts  of  South  Australia,  Western  Australia,  Victoria 
and  New  South  Wales.  The  drift  in  the  Mallee  has  been 
accentuated  by  over-cultivation  caused  by  high  wheat 
prices  and  a  succession  of  unusually  good  seasons  after  the 
War.  Strip  f arming  on  the  North  American  pattern  has  not 
been  found  to  be  adaptable  to  Victorian  conditions;  instead 
windbreaks  are  planted  and  various  methods  of  introducing 
organic  matter  into  the  soil  are  employed,  e.g.  the  sowing 
and  grazing  of  oats. 

The  neglect  of  the  principle  of  sustained  yield  in  forest 
management  was  stated  in  the  Report  of  the  Committee 
which  dealt  with  Australian  forestry  at  the  Empire  For- 
estry  Conference  of  1928  to  have  resulted  in  the  rapid  ex- 
ploitation  of  the  forest  wealth  of  Australia.  In  the  1935 
annual  forestry  report  from  Queensland,  it  is  stated  that 
*at  the  present  rate  of  cutting,  the  stand  of  hoop  and  bunya 
pine  remaining  at  the  end  of  a  decade  will  be  of  no  great 
consequence'.  It  will  apparently  be  many  decades,  if  ever, 
before  the  timber  of  these  pines  will  again  be  available  in 
anything  like  the  present  annual  amount.  The  relation  be- 
tween  this  excessive  deforestation  and  the  conservation  of 
soil  and  water  in  Australia  is  obvious. 

We  thus  see  that,  as  regards  the  utilization  of  cultivated 
land,  pastoral  areas  and  forest  resources,  a  great  deal  of 
damage  has  already  occurred  in  Australia,  the  real  extent 
of  which  can  only  be  proved  by  an  erosion  reconnaissance 
survey  carried  out  on  the  lines  of  the  American  surveys 
which  brought  home  conclusively  to  research  workers  and 
administrators  alike  the  appalling  nature  of  the  erosion 
menace  to  the  American  nation.  That  Australia  is  also 
threatened  by  a  danger  which  is  progressively  gathering 
momentum  there  can  be  no  doubt,  and  yet  there  appears 
to  be  a  complete  lack  of  a  definite  conservation  policy  for 
the  country  as  a  whole.  A  few  part-time  Committees  are 
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operating,  but  the  number  of  full-time  research  workers  is 
sóli  negligible.  As  is  being  realized  in  many  other  countries, 
the  only  way  to  combat  erosion  is  to  work  faster  than  it 
does,  and  this  becomes  increasingly  diificult  as  time  goes  on. 

New  Zealand  is  famous  as  a  pastoral  country;  of  the 
43,000,000  acres  in  occupation,  3 1,250,000  are  in  pasture, 
comprising  14,000,000  acres  of  native  tussock  grassland 
and  17,000,000  acres  of  sown  pastures.  The  mountain 
tussock  grassland  of  the  South  Island  is  stili  an  important 
grassland  area,  used  for  grazing  Merino  and  half-bred 
sheep.  Of  the  tussock  grasses,  however,  only  blue  grass 
(Agropyron  scabriim)  is  palatable  to  sheep;  this  has  led  to 
the  practice  of  burning  to  provide  more  palatable  fresh 
growth.  Indiscriminate  burning,  overstocking  and  destruc- 
tion  by  rabbits  bave  caused  serious  deterioration  and  in 
places  the  complete  destruction  of  ali  vegetation.  The  im- 
provement  and  conservation  of  this  type  of  vegetation  is 
an  important  problem,  partly  economie,  since  fencing  and 
spelling  are  necessary  for  rejuvenation,  and  requiring  also 
the  introduction  of  exotic  plants  suitable  for  mountain  soil 
and  grazing  conditions.  Special  attention  may  be  devoted 
to  a  study  of  the  various  tussock  species,  before  the  source 
of  seed  of  the  more  valuable  species  is  lost  to  New  Zealand 
agriculture. 

The  sown  pastures  of  New  Zealand  bave  replaced  larga 
areas  of  forest;  in  fact,  when  the  amount  of  deforestation 
which  has  taken  place  in  New  Zealand  is  considered,  it  is 
remarkable  that  the  country  has  so  far  escaped  serious  ero- 
sion. Approximately  14,000,000  acres  of  forest  bave  been 
f  elied  and  sown  to  grass  in  New  Zealand;  of  this  area,  some 
1 2,000,000  acres  bave  been  successfully  converted  to  grass- 
land, the  remaining  2,000,000  acres  reverting  to  secondary 
growth.  In  addition,  some  2,000,000  acres  of  naturai  farm 
and  scrub  lands  bave  been  successfully  grassed.  Another 
2,000,000  acres  are  stili  in  naturai  fem  and  scrub  and  some 
4,000,000  acres  of  standing  forest  await  development. 

A  great  deal  of  soil  wash  was  prevented  by  the  methods 
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adopted  of  sowing  the  grass  seeds  *on  the  burn'.  The 
climatic  conditions  favoured  rapid  establishment,  stocking 
with  sheep  and  cattle  being  permissible  about  eight  weeks 
after  sowing.  In  the  light  of  experience  in  other  parts  of 
the  world,  it  is  now  being  recognized  that  the  destruction 
of  forests  has  been  excessive.  Many  of  the  bill  areas  are  now 
under  an  inferior  type  of  sward,  and,  ahhough  figures  are 
not  available  f  or  a  comparison  of  run-oif  on  these  grassland 
and  forested  slopes,  it  may  be  expected  that  the  run-off 
from  the  former  would  be  considerably  higher,  and  that 
therefore  any  further  clearing,  particularly  along  stream 
courses  and  on  the  watersheds,  may  accentuate  the  flood 
danger  which  is  already  present  in  many  parts  of  the 
country. 

The  semi-arid  areas  of  Central  Otago  present  a  special 
problem  to  the  conservationist,  as  do  other  localized  areas 
in  the  two  Islands.  According  to  Dr.  E.  Marsden,  erosion 
has  occurred  in  Central  Otago,  where  the  naturai  pasture 
cover  has  been  destroyed  by  rabbits,  fires  or  overgrazing 
and  the  soil  exposed  to  fierce  drying  winds  and  periodic 
deluges  of  rain.  It  has  also  occurred  where  the  bush  has 
been  removed  from  steep  slopes  and  there  has  been  exten- 
sive  slipping,  a  common  f eature  in  Poverty  Bay  and  many 
other  districts.  Where  forest  has  been  cleared  and  a  grass 
sward  established,  the  secondary  growth  is  controlied  to 
some  extent  by  fìres— a  bad  practice.  Top-dressing  of  the 
sward  is  a  possible  alternative,  but  it  is  of  doubtful  eco- 
nomie value  over  the  bill  areas. 

The  most  urgent  problem  in  New  Zealand,  however,  is 
the  control  of  floods  and  the  prevention  of  the  excessive 
washing  of  soil  down  the  short  river  courses  into  the  sea, 
a  process  which  threatens  to  leave  the  country  like  an 
'emaciated  skeleton'.  Deforestation  by  cutting,  burning,  or 
overgrazing  of  the  undergrowth  in  the  mountain  areas  by 
sheep,  cattle,  deer  and  other  animals  has  greatly  accelerated 
run-off  and  soil  wash,  and  there  is  hardly  a  river  in  the 
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country  which  is  not  affected  by  periodic  flooding.  The 
fact  that  these  rivers  frequently  pass  through  rich  dairy- 
ing  country  combines  with  the  mountain  damage  to  make 
the  conservation  of  soil,  water  and  vegetation  a  pressing 
problem  in  New  Zealand. 
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CHAPTER  VI 

The  Orient 


Neiv  and  old  erosion.  India.  The  Punjab  Siivaliks.  Overgraz- 
ing  and  stock  reduction.  Traditìonal  soli  conservatìon.  The 
need  for  co-operation.  Plantation  agriculture  in  Ceylon. 
China.  The  North-Chinese  loess.  Inadequacy  of  ancient  ter- 
races.  Animai  husbandry  or  depopulation.  Yelloiv  River 
floods.  A  superhuma?i  task  of  flood  control.  China^s  old  age. 
Japan's  perilous  position.  The  game  and  art  of  soil  conserva- 
tìon. 


I 


N  THE  THREE  PRECEDING  CHAPTERS  WC  havC  attcmpted  tO 

survey  the  deterioration  of  the  land  that  has  taken  place 
in  the  more  recently  settled  regions  of  the  world  as  a  con- 
sequence  of  rapid  and  excessive  exploitation.  The  same 
phenomenon  has  appeared  in  the  long-established  coun- 
tries  of  the  Orient,  where  the  consequences  of  recent  ex- 
ploitation are  superimposed  upon  those  of  the  land's  senile 
decay.  Recent  exploitation  has  been  responsible  for  much 
of  the  catastrophic  erosion  that  scars  the  foothills  of  the 
Himalayas,  but  old  age  has  also  left  its  mark  over  wider 
tracts  of  India  in  the  forni  of  sheet  erosion  which  has  been 
going  on  for  centuries.  Prolonged  rather  than  excessive 
utilization  has  ruined  the  land  round  the  headwaters  of  the 
Yellow  River  in  China— the  worst  eroded  region  in  the 
world.  In  Japan  erosion  does  not  occur  to  any  great  extent, 
as  the  Japanese  bave  learnt  how  to  control  it;  the  same  is 
true  to  a  lesser  extent  of  Java  and  the  Javanese,  although 
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the  topography  and  climate  of  both  countries  produce 
conditions  highly  conducive  to  erosion.  The  PhiUppine 
Islands  have  long  suffered  from  erosion  which  the  native 
inhabitants— as  in  India— prevented  from  becoming  catas- 
trophic  hy  primitive  terracing  and  by  adopting  shifting 
culti vation.  Large-scale  sugar-cane  agriculture  and  increas- 
ing  pressure  of  population  have  made  these  antidotes  less 
eff  ective,  and  erosion  has  latterly  become  a  grave  problem. 
The  most  potent  and  common  causes  of  contemporary 
erosion  in  India  are  deforestation  and  overgrazing.  The 
rapid  increase  in  population  since  British  occupation  has 
greatly  intensified  pressure  on  the  land,  caused  the  cultiva- 
tion  of  much  unsuitable  ground  and  shortened  the  resting 
periods  between  cultivation  that  are  frequently  necessary 
for  the  stabihty  of  tropical  soils.  'The  human  population 
of  India  is  increasing  at  the  rate  of  about  three  milHons  per 
annum.  Much  of  this  increase  is  occurring  in  the  tracts 
where  nature  in  the  first  place  provided  easy  conditions  for 
human  settlements,  namely,  a  rainfall  not  too  heavy  for  the 
ordinary  farm  crops,  and  naturai  grasslands  in  which  cattle 
thrive  and  remain  healthy.  Within  the  heavy  rainfall  areas 
further  east,  the  re-growth  of  dense  tropical  jungle  and 
conditions  inimicai  for  livestock  have  discouraged  dense 
settlement.  Theref  ore  much  of  the  weight  of  this  increas- 
ing population  is  falling  upon  the  tension  beh  where  grass- 
land  can  persist  only  under  reasonable  treatment,  and,  if 
once  destroyed,  cannot  reinstate  itself  as  easily  as  it  can 
under  a  slightly  heavier  or  better  distributed  rainfall. 
Hence  over  very  large  tracts  of  country,  naturai  grasslands 
have  already  disappeared  and  village  livestock  are  de- 
pendent  upon  bush  and  tree  growth  for  their  day-to-day 
existence.  In  most  other  countries  livestock  are  maintained 
on  a  ration  of  grass,  and  the  bush  growth  which  occurs  in 
the  grazing  ground  is  looked  upon  as  a  naturai  reserve 
which  should  be  used  only  in  times  of  acute  scarcity;  in 
much  of  India  the  last  vestiges  of  shrub  growth  already 
form  the  ordinary  daily  ration  for  the  village  herd.  The 
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amount  of  erosion  caused  directly  through  this  state  of 
aifairs  has  to  be  seen  to  be  believed.'^ 

Some  of  the  worst  erosion  is  evident  in  the  Punjab 
Siwaliks,  a  range  of  hills  skirting  the  Himalayas,  where 
the  hill  grazier  has  accompanied  or  foUowed  the  woodcut- 
ter  and  effectively  denuded  the  soil  of  its  protective 
plant  cover.  In  many  places  damage  is  not  confined  to  the 
eroded  slopes,  further  destruction  being  caused  by  torrents 
(chos)  formed  by  guUy  erosion,  that  sweep  down  the 
slopes  during  the  monsoon.  The  cho  is  characterized  by 
the  steepness  of  its  gradient  and  the  violence  and  irregu- 
larity  of  its  discharge.  The  torrent  carries  much  suspended 
material  which  is  deposited  on  the  less  steep  lower  slopes 
in  a  characteristic  detritai  cone  which  continually  increases 
in  radius  and  width.  The  chos  debouching  on  to  the  cul- 
tivated  sandy  plains  silt  up  the  originai  drainage  channels 
formed  when  hill  erosion  started,  and  the  floods  are  forced 
out  over  wide  areas.  The  floods  subside  as  suddenly  as  they 
start,  and  ali  the  water  is  lost  to  the  land. 

There  is  evidence  that  a  hundred  years  ago  the  chos  ran 
between  well  defined  banks,  and  in  some  places  perennial 
streams  that  could  be  used  for  irrigation  issued  from  the 
hills.  To-day,  floods  are  the  only  source  of  water.  Much  of 
the  subsequent  erosion  has  been  due  to  intensified  exploita- 
tion  that  occurred  when  British  rule  secured  some  measure 
of  prosperity  and  security.  Reclamation  might  possibly  be 
eff  ected  by  closure  of  the  land  so  that  first  grass,  and  then 
forest,  could  be  re-established,  but  ali  the  land  is  required 
to  support  the  people,  who  bave  the  right  to  use  it,  and  the 
authorities  bave  a  naturai  aversion  to  interfering  with 
jealously  held  rights.  A  drastic  reduction  in  the  surplus 
grazing  animals  is  indispensable  before  any  conservation 
programme  can  become  eifective. 

Where  erosion  has  been  going  on  for  centuries,  the  ryots 
bave  evolved  farming  systems  which,  although  not  com- 
pletely  checking  erosion,  bave  kept  it  to  manageable  pro- 

^R,  M.  Gorrie  in  Herbage  Revievjs,  voi.  v,  1937. 
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portions.  The  principal  weapon  against  erosion  is  a  crude 
earth  embankment  or  bund  whose  primary  purpose,  how- 
ever,  is  often  not  so  much  to  prevent  erosion  as  to  stop  a 
lower-situated  neighbour's  field  from  benefiting  by  rain- 
water  and  silt  that  would  otherwise  have  flowed  off  the 
bunded  field.  As  pressure  on  the  land  increases,  bunding 
against  erosion  is  being  put  on  a  more  scientific  basis.  Ex- 
tensive  and  successful  bunding  schemes  have  been  carried 
out  in  the  Bombay  and  Madras  Deccans  and  in  Central 
India,  though  recently  they  have  been  stopped  owing  to 
financial  stringency.  In  many  parts  of  India,  indeed,  the 
high  cost  of  loans  and  the  impossibility  of  getting  any  im- 
mediate economie  return  from  reclaiming  very  poor  and 
badly  eroded  land  are  seriously  impeding  soil-conservation 
work.  'Self-help'  projects  on  a  community  basis  in  the  vil- 
lages  appear  to  be  the  most  hopeful  solution  for  farm  lands, 
but  an  adequate  organization  of  such  projects  in  a  land  of 
India's  population  and  poverty  would  be  a  Gargantuan 
task.  Co-operative  action  is  not  easily  obtained  until  erosion 
becomes  a  life-and-death  matter  to  the  community.  Over 
much  of  India  the  people  have  accepted  a  slowly  deterio- 
rating  environment  as  part  of  the  scheme  of  things;  the  vast 
majority  is  probably  unaware  that  erosion  is  occurring. 

Tea  and  coffee  plantations  are  usually  well  terraced 
against  erosion  nowadays,  and  clean  weeding  is  not  so 
rigorously  practised  in  India  as  in  Ceylon  where  it  has 
caused  untold  damage.  The  rapid  development  of  com- 
mercial tea  and  rubber  plantations  in  Ceylon  has  had  dis- 
astrous  effects  on  the  soil.  Erosion  is  widespread  and  in 
places  very  far  advanced,  and  is  forcing  the  development  of 
new  ideas  about  the  correct  management  of  estates.  In  par- 
ticular,  weeds  or  other  forms  of  ground  cover  are  coming 
to  be  regarded  as  indispensable.  Suggestions  have  even 
been  made  to  the  effect  that  weeds  should  be  protected  by 
law. 

The  notoriously  intensive  agriculture  of  certain  parts  of 
South  China  where  dense  populations  are  almost  com- 
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pletely  maintained  off  the  produce  of  the  land  is  in  marked 
contrast  to  the  destitution  that  reigns  in  the  north-westem 
loess  region— the  birthplace  of  Chinese  civilization.  The 
wind-blown  loess  is  one  of  the  richest  soil  materials  known, 
similar  to  that  which  has  formed  the  black  soils  of  the  Rus- 
sian  steppes.  It  is  also  the  most  easily  eroded,  when  de- 
prived  of  its  naturai  grass  cover.  Once  erosion  has  started, 
it  proceeds  with  great  rapidity,  and  processes  of  naturai 
revegetation  are  too  slow  to  keep  pace  with  it.  Neverthe- 
less,  if  erosion  can  be  checked,  new  soil  forms  very  rapidly 
from  the  loess.  The  gigantic  gullies  formed  by  the  tor- 
rential  streams  continually  undermining  the  gully  walls 
present  some  of  the  most  striking  pictures  known  of  the 
power  of  erosion.  The  great  blocks  of  loess  broken  off  by 
the  streams  are  rapidly  disintegrated,  loading  the  rivers 
with  silt  and  causing  catastrophic  floods.  Like  the  Mis- 
sissippi, the  Yellow  River,  which  drains  the  loess  region,  is 
now  largely  a  'raised'  river,  flowing  for  long  stretches 
above  its  densely  populated  plain. 

It  is  improbable  that  even  in  the  heyday  of  early  Chinese 
civilization  these  soils  were  subjected  to  what  would  be 
regarded  by  modem  standards  as  'excessive'  exploitation, 
but  long  utilization  has  ^radually  exhausted  them.  A  vast 
system  of  terraces  has  been  built  up  in  the  course  of  time 
to  check  the  gathering  force  of  erosion,  but  the  terraces 
themselves  are  actively  eroding,  and  no  proper  provision  is 
made  for  dealing  with  the  surface  water  which  runs  off  in 
drainage  courses  that  later  develop  into  gullies.  Terraces 
may  have  saved  the  loess  region  from  total  destruction,  but 
they  have  not  stopped  erosion.  Strip  cropping,  contour 
ploughing  and  other  recognized  control  measures  are  prac- 
tically  unknown,  and  owing  to  the  rectangular  shape  of  in- 
dividuai properties  and  the  conservativeness  of  the  people, 
would  be  very  difficult  to  introduce.  Prof.  J.  Thorp^  be- 
lieves  that  a  radicai  change  from  arable  farming  to  animai 
husbandry  offers  the  most  hopeful  means  of  saving  the 

"^Geography  of  the  Soils  of  China,  Nanking,  1936. 
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naturai  grassland  loess  soils  of  North-west  China,  but  he 
recognizes  that  this  would  involve  a  revolution  in  mode  of 
living  which  the  people  would  not  readily  accept.  Short  of 
some  such  revolution,  however,  the  alternative  seems  to  be 
graduai  depopulation  of  the  uplands. 

The  hundred  million  inhabitants  in  the  plains  are  far 
worse  afflicted  by  the  consequences  of  erosion  than  the 
impoverished  farmers  in  the  distant  highlands  where  most 
of  the  erosion  is  taking  place.  Measured  in  terms  of  human 
suff ering  the  periodic  floods  of  the  Yellow^  River  are  among 
the  greatest  recorded  catastrophes  of  history.  The  Yellow 
River  has  always  been  liable  to  flood.  When  men  first 
settled  in  the  plains  the  region  was  geologically  immature 
and  the  great  river  was  stili  carving  an  uncertain  course  to 
the  sea.  In  time  it  would  bave  eroded  through  the  plains 
a  channel  suffìciently  deep  and  wide  to  contain  ali  the 
waters  draining  into  it.  Instead,  the  channel  has  been 
choked  with  silt  and  the  volume  of  water  at  flood  seasons 
has  been  enormously  increased,  as  the  absorbent  surface 
soil  was  removed  from  the  loess  hinterland  and  deposited 
on  the  river  bed.  To  control  the  Yellow  River  now  is  a 
superhuman  task.  Apart  from  river  control  on  a  hitherto 
unattempted  scale  in  the  plains,  it  would  require  land  recla- 
mation  throughout  the  immense  catchment  basin,  in- 
habited  by  an  inert,  individualistic  people  ignorant  of  the 
magnitude  of  the  task  and  indifferent  to  the  larger  issues 
involved.  Without  soil  conservation  in  the  hills,  the  engi- 
neer's  work  in  the  plains  would  be  wasted.  Without  a 
national  renaissance,  soil  conservation  on  an  adequate  scale 
will  not  be  carried  through.  Here  and  there  a  patch  of 
reclaimed  land,  successf  uUy  protected  against  erosion  under 
the  stimulus  of  American  and  European  enthusiasm,  may 
show  what  might  be  done  if  enthusiasm  were  to  spread  and 
be  maintained  for  a  hundred  years— if  North  China  were 
made  to  feel  itself  again  young  enough  to  ward  off  the 
scourges  of  flood  and  famine  that  afilict  its  declining  years. 
But  there  is  not  much  hope;  the  disease  is  far  advanced  and 

[Si] 


VANISHING  LANDS 

the  will  to  resist  it  is  not  there.  We  look  on  helplessly  while 
erosion  adds  another  great  empire  to  the  list  of  its  victims. 

The  centre  of  Chinese  civilization  has  now  shifted  from 
its  origin  in  the  semi-arid  north  to  the  more  humid  centre 
and  south  where  land  reclamation,  both  from  the  engineer- 
ing and  agricultural  points  of  view,  is  a  simpler  problem 
than  on  the  northern  loess.  Innumerable  terraces  built  to 
hold  back  water  for  rice  fields  have  incidentally  accom- 
plished  very  effective  erosion  control.  In  many  parts  of 
Central  and  South  China  large  areas  have  been  completely 
eroded  except  for  the  rice  fields  which  have  been  saved  by 
terracing.  A  system  of  shifting  cultivation  has  evolved  in 
the  regions  where  revegetation  occurs  quicldy.  The  land 
is  cultivated  for  from  three  to  fifteen  years  until  it  is  ex- 
hausted,  and  then  left  for  twenty  to  fifty  or  more  years 
until  the  vegetation  has  formed  new  soil.  In  less  luxuriant 
regions,  erosion  goes  on  unchecked,  particularly  on  graz- 
ing  lands.  Reforestation  will  be  necessary  to  reclaim  these 
lands,  but  much  of  them  is  too  far  gone  to  give  naturai 
forest  reproduction.  The  farmers,  moreover,  commonly 
burn  ali  forest  and  bush  land  each  year  to  destroy  hiding 
places  of  wild  beasts  or  so  that  the  ashes  may  be  washed 
down  to  fertilize  the  rice  fields  in  the  valleys. 

To  the  Occidental  eye  the  accumulated  effects  of  erosion 
in  the  centre  and  south  seem  sufficiently  alarming,  perhaps 
more  so  than  to  the  native  orientai.  Much  valuable  valley 
land  has  been  covered  with  infertile  debris,  but  other  land 
has  been  enriched  by  deposition  of  productive  soil  mate- 
rial washed  down  from  the  uplands.  The  wealth  and  self- 
sufficiency  that  the  Szechwan  basin  maintained  through 
many  stormy  times  are  probably  attributable  to  the  f ertility 
of  the  valley  soils  constantly  renewed  by  erosion  from 
above,  and  to  the  rapidity  with  which  the  eroded  upland 
soils  are  re-formed.  The  eroding  soils,  however,  are  not 
an  everlasting  source  of  fertile  alluvium;  when  they  are  ex- 
hausted,  the  valley  lands  will  be  submerged  under  gravel 
and  rocks,  as  has  already  happened  in  some  places.  South 
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and  Central  China  are  middle-aged;  signs  of  senility  are 
already  apparent,  particularly  in  the  Yangtze  basin  of  Cen- 
tral China,  but  some  scope  f or  enthusiastic  rejuvenators  stili 
exists.  It  is  significant  that  the  protagonists  of  soil  con- 
servation  in  China  have  been  mainly  f oreigners.  The  young 
West  can  stili  see  visions  of  a  great  and  prosperous  China 
equipped  with  ali  the  implements  of  modem  science,  but 
the  old  East  dreams  of  a  peaceful  decline  undisturbed  by 
Occidental  efficiency. 

Japan,  with  its  steep  valleys  covered  with  loose  volcanic 
soils,  liable  to  torrential  storms,  and  compelled  to  culti- 
vate  intensively  every  inch  of  available  ground  to  support 
its  seething  population,  should  by  ali  counts  have  been 
washed  into  the  sea  long  ago.  Actually,  hardly  any  erosion 
is  taking  place  at  the  present  time.  The  end  of  Japan  as  a 
nation,  should  the  soil  be  left  unprotected  under  the  pre- 
vailing  conditions,  has  been  foreseen  for  centuries,  and 
foresters  and  engineers  have  developed  an  exemplary 
technique  in  obviating  the  dangers  of  erosion.  Wherever 
the  vegetative  cover  is  broken  on  the  slopes,  immediate  dis- 
aster  is  threatened  until  the  vegetation  is  restored  and 
suitable  engineering  works  have  been  carried  out.  It  is  now 
a  definite  part  of  national  policy  to  maintain  watershed 
areas  under  forest  as  the  most  effective  method  of  con- 
trolling  flood  waters  and  ensuring  the  essential  food  pro- 
duction in  the  valleys.  Since  1897  torrent  regulation  by 
forest  protection  has  been  compulsory  throughout  Japan. 
The  threat  from  erosion  comes  not  so  much  from  the 
potential  loss  of  soil  from  the  steep  mountain  slopes  as 
from  the  deposition  of  debris  on  the  rice  fields  in  the  valleys. 
Erosion-control  work  is  expensive,  often  out  of  ali  pro- 
portion  to  the  value  of  the  land  saved,  but  it  is  absolutely 
essential  from  the  national  point  of  view,  and  for  many 
years  estimates  for  this  work  have  formed  an  important 
and  regular  item  in  the  national  budget. 

Dr.  W.  C.  Lowdermilk^  has  described  how  erosion  con- 

^Oriental  Engine er.  March  1927. 
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trol  in  Japan  'takes  on  the  nature  of  a  great  game  of  chess. 
The  forest  engineer,  after  studying  and  mapping  his  erod- 
ing  valley,  locates  and  builds  one  or  more  check  dams. 
This  is  his  move.  He  then  waits  to  see  what  the  responses  of 
the  naturai  forces  are.  The  check  dam  establishes  a  fixed 
base  level  of  erosion  f or  the  thaliveg  above  it.  The  slipping 
and  sloughing  side  slopes  may  after  two  or  five  years  come 
to  an  angle  of  repose,  whereon  vegetation  will  establish 
itself  naturally.  More  likely  this  desired  result  will  not 
come  so  quickly.  The  response  of  the  naturai  forces  in  their 
turn  determines  the  forest  engineer's  next  move,  which 
may  be  another  dam  or  two,  or  an  increase  of  the  height 
of  the  former  dam,  or  the  construction  of  side  retaining 
walls.  After  another  pause  for  observations,  the  next  move 
is  made,  and  so  on  until  erosion  is  checkmated.  The  game 
takes  on  a  lively  interest.  The  operation  of  naturai  forces 
of  sedimentation,  plant  succession  and  revegetation  must  be 
guided  and  used  to  best  advantage  to  keep  the  costs  of  this 
expensive  work  down  to  the  minimum  and  to  practical  pro- 
portions.'  Experience  and  necessity  bave  reduced  the 
chances  of  failure  to  a  minimum.  Erosion  control  has 
passed  from  an  experimental  science  into  a  firmly  estab- 
lished  art. 
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CHAPTER  VII 

The  Influence  of  Soil  on  Erosion 


Soil  ^erodibility^  is  a  man-made  property.  The  significance  of 
relative  erodibility.  Soil  'structure\  The  different  structures 
of  foresi  and  grassland  soils.  Agriculture  can  improve  the 
structure  of  foresi  soils  bui  tends  io  destroy  the  structure  of 
grassland  soils.  The  graduai  improvemeni  of  foresi  soils  in 
Europe  compared  ivith  their  rapid  deierioraiion  in  America. 
Soil  structure  in  arid  regions.  Tropical  soil  structure.  Evanes- 
cent  tropical  soil  fertility  and  shifting  cultivation.  The 
formation  and  maintenance  of  soil  structure  as  the  basis  of  a 
stable  agriculture.  The  problem  of  structure  maintenance  on 
grassland  and  tropical  soils. 


V><ONSiDERABLE  iMPORTANCE  is  nowadays  attached  to  the 
relative  'erodibilities'  of  different  types  of  soil.  The  likeli- 
hood  that  a  soil  will  disappear  when  it  is  put  to  some  eco- 
nomie use  is,  of  course,  as  important  a  point  to  the  occupier 
of  the  land  as  security  is  to  an  investor  seeking  to  put  his 
money  to  economie  use.  The  user  of  land  has  shown  at 
least  as  great  a  tendency  as  a  financial  speculator  to  go  for 
quick  profits  rather  than  security,  but  when  the  user  of  land 
speculates  he  is  up  against  much  bigger  odds  than  the 
financier,  and  he  is  a  more  dangerous  fellow  to  the  com- 
munity at  large.  The  financier  knows,  or  should  know, 
something  of  the  factors  making  for  security  of  investment; 
the  cultivator  has  very  little  knowledge  at  his  disposai 
about  the  factors  influencing  the  stability  of  the  soil. 
Among  those  factors,  'erodibility'  of  soil  has  recently  re- 
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ceived  a  great  deal  of  attention  without,  it  must  be  ad- 
mitted,  as  yet  contributing  very  much  to  our  knowledge. 

It  is  not  always  clearly  realized  what  is  involved  in  the 
concept  of  erodibility.  Erodibility  is  not  an  inherent  prop- 
erty  of  any  mature  and  fertile  soil;  it  is  a  property  induced, 
most  commonly,  by  human  interference.  No  undisturbed 
mature  soil  (with  the  possible  exception  of  certain  sparsely 
clad  soils  in  dry  regions)  exhibits  any  appreciable  erodi- 
bility, otherwise  it  would  bave  disappeared  long  ago. 
Naturai  vegetation  and  soils  form  noneroding  systems 
under  the  climatic  conditions  prevaiKng  where  they  occur, 
although  if  a  naturai  vegetation-soil  system  could  be  trans- 
ported  bodily  to,  or  artifically  reproduced  in  another  cli- 
matic region,  erosion  might  take  place.  Similarly,  one  type 
of  naturai  vegetation  may  perfectly  protect  soil  type  A 
from  erosion,  but  allow  erosion  to  occur  to  some  extent 
when  artifìcially  grown  on  a  contiguous  but  different  soil 
type  B.  Afforestation,  which  has  come  to  be  regarded  as  an 
almost  infallible  measure  for  soil  conservation,  has  failed 
to  achieve  its  purpose  on  certain  semi-arid  grassland  soils 
in  South  Africa;  and  a  dense  grass  sod  which  is  the  ideal  soil 
preserver  on  prairie  and  steppe  land  has  proven  only  par- 
tially  effective  in  checking  erosion  and  flood  on  Swiss 
mountain-forest  soils.  It  is  too  sweeping  a  statement  to  say 
that  the  naturai  vegetation  type  is  the  only  one  that  will 
give  complete  erosion  control  under  the  prevailing  con- 
ditions of  soil  and  climate,  but  on  land  newly  opened  up 
it  is  usually  the  only  one  that  we  knonjo  will  aff  ord  sufficient 
protection. 

The  belief  stili  held  in  some  quarters  that  erodibility  is 
an  inherent  soil  property  capable  of  quantitative  expres- 
sion  has  arisen  from  frequently  made  observations  that  of 
two  neighbouring  areas  similarly  situated  and  cultivated 
but  differing  in  their  soils,  one  erodes  much  more  readily 
than  the  other.  What  is  actually  observed  in  these  cases  is 
that  one  soil  type  is  more  erodible  than  the  other  under  a 
particular  treatment;  that  is,  the  erodible  soil  is  unsuitable 
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for  growing  maize,  for  example,  while  the  non-erodible 
soil  is  suitable.  The  observed  erodibihty  of  a  soil  is,  in 
short,  a  measure  of  the  unsuitableness  of  its  past  and  present 
utilization  to  the  environment— a  measure  of  the  extent  to 
which  past  and  present  occupiers  have  misused  the  land. 

Experiments  (whether  in  the  field  or  laboratory)  to  de- 
termine the  relative  erodibilities  of  diiferent  soil  types  have 
to  be  carried  out  under  strictly  comparable  conditions  as 
regards  the  position  and  covering  of  the  soils.  Experiments 
may  be  made  with  soils  at  a  specified  angle  of  slope  or  with 
the  necessary  corrections  introduced  for  slope  diiferences, 
and  kept  bare  of  ali  vegetation,  in  which  case  the  approxi- 
mate  relative  erodibiUties  under  fallow  are  being  measured. 
The  erodibility  of  one  soil  under  diiferent  crops  or  on  dif- 
ferent  slopes  (keeping  other  conditions  Constant)  can  also 
be  determined,  but  in  such  cases  it  is  the  effect  on  erosion 
of  the  variable  factor— crop  or  angle  of  slope— that  is  being 
measured  rather  than  soil  erodibility.  Experiments  have 
also  been  made  to  ascertain  to  what  extent  certain  inherent 
soil  properties  such  as  texture  and  chemical  composition 
are  related  to  erodibility.  It  has  been  found,  for  example, 
that,  other  things  being  equal,  the  granular  structure  of  a 
virgin  steppe  soil  renders  the  soil  much  more  resistant  to 
erosion  than  it  is  after  the  granules  have  been  broken 
down  by  cultivation;  plastic  clays,  which  swell  on  being 
wetted  and  become  impermeable,  are  more  liable  to  erode 
than  non-plastic  clays.  Under  naturai  conditions,  however, 
'non-erodible'  granular  soils  are  associated  with  an  in- 
digenous  vegetation,  grass,  which  by  itself  would  afford  in- 
sufficient  protection  to  the  more  powdery  soils  usually 
found  under  f orest.  In  f act,  when  a  f orest  soil  is  put  down 
to  grass  and  is  thereby  deprived  of  the  greater  protection 
given  by  the  forest,  the  soil  reacts  by  developing,  in  time 
and  if  given  the  opportunity,  a  more  erosion-resistant 
granular  structure.  Similarly,  the  least  plastic  (non- 
erodible)  clays  are  found  in  the  moist  tropics  where  the 
most  erosive  rain  storms  known  occur.  Soils   (in  the 
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Caucasus)  occurring  on  gentle  slopes  have  been  shown  to 
be  more  liable  to  erode  than  soils  occurring  on  steep  slopes 
when  blocks  of  both  are  subjected  to  the  action  of  rain  on 
an  equal  slope.  In  general,  the  more  favourable  the  naturai 
external  conditions  such  as  climate,  slope  and  vegetation 
are  to  erosion,  the  more  erosion-resistant  the  soil  itself  will 
become.  This  statement  is  almost  axiomatic,  for  if  a  locality 
is  to  remain  stable,  any  destructive  forces  acting  upon  it 
must  be  balanced  by  an  equivalent  resistant  force. 

Provided  it  is  realized,  however,  that  erodibility  is  a  man- 
made  property  of  soil,  the  measurement  of  the  property 
under  standard  conditions  can  give  much  useful  informa- 
tion  about  appropriate  methods  of  land  utilization.  The 
most  convenient  conditions  to  take  às  standard,  both  on 
account  of  their  easy  reproducibility  and  their  tendency  to 
accentuate  erosion,  are  those  of  bare  cultivation.  A  soil 
which  does  not  erode  appreciably  when  kept  free  of  vege- 
tation can  be  utilized  for  growing  almost  any  crop  that  it 
will  nourish,  whereas  a  bare  soil  which  erodes  easily  needs 
more  careful  consideration;  annual  crops  that  leave  the  soil 
bare  for  long  periods,  or  widely  spaced  crops  like  tobacco, 
maize  and  cotton  are  generally  unsuitable  unless  rotated 
with  perennial  crops. 

By  comparing  the  relative  erodibilities  of  nimierous  soils 
under  standard  but  more  or  less  artificial  conditions,  it  has 
been  f  ound  possible  to  ascertain  whether  any  specific  prop- 
erties  of  soil  make  for  resistance  or  liability  to  erosion  when 
the  soil  is  put  under  cultivation.  The  property  that  mainly 
influences  soil  erodibility  is  soil  'structure'— itself  a  highly 
complex  property  since  it  is  compounded  of  almost  every 
other  one  possessed  by  the  soil.  Nevertheless,  structure  is  a 
fairly  well  defined  characteristic  of  soil,  and  is  easy  to  ob- 
serve  and  simple  to  express,  at  least  qualitatively. 

By  'structure'  is  meant  the  size  and  shape  of  the  picces 
into  which  a  soil  breaks  when  it  is  vigorously  shaken.  Every 

8.  British  Somaliland.  Wind  erosion.  See  page  64. 
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soil  possesses  a  characteristic  structure  depending  upon  the 
chemical,  physical  and  biological  agencies  which  have  been 
operative  during  its  formation— in  short,  upon  its  history. 
By  accepting  a  somewhat  crude  definition  of  structure 
(Hke  the  above)  without  attempting  to  analyse  closely  a 
most  intricate  phenomenon,  it  is  possible  to  distinguish  a 
few  outstanding  structural  types  among  the  innumerable 
intermediate  forms  which  occur  in  Nature. 

Each  of  the  chief  naturai  plant  formations  (temperate  or 
tropical  forest,  steppe,  savanna,  etc.)  is  associated  with  a 
type  of  soil  exhibiting  a  particular  structure,  both  in  the 
surface  and  subsoil.  Here  we  are  most  concemed  with  the 
structure  of  the  surface  soil.  A  coniferous-forest  soil  has  a 
very  weakly  developed  structure;  it  tends  to  break  down 
easily  into  its  constituent  particles,  but  if  a  vertical  section 
of  the  soil  is  examined  on  the  spot,  a  distinct  laminar  struc- 
ture in  the  upper  layers  can  often  be  observed,  the  laminae 
running  parallel  with  the  surface.  This  structure,  or  lack  of 
structure,  imparts  high  erodibihty  to  the  soil  when  the 
forest  is  cleared;  the  soil  has  httle  naturai  cohesion,  the 
loose  particles  are  readily  dispersed  in  water  and  washed 
away,  and  the  laminations  act  as  shearing  planes  facilitating 
the  movement  en  masse  of  the  soil.  The  forest,  however, 
affords  complete  protection  against  erosion.  The  tree 
canopy  prevents  some  rain  from  reaching  the  soil  at  ali, 
and  greatly  reduces  the  impact  of  the  rest  upon  the  soil. 
Far  more  important  is  the  eff ect  of  the  forest  litter,  con- 
sisting  of  dead  and  decaying  branches  and  needles,  which 
acts  like  a  huge  sponge,  absorbing  and  fìltering  ali  the  water 
that  falls  upon  it  so  that  only  a  very  slow  and  harmless 


9  a.  Australia.  Saltbush  on  a  sandy-loam  soil,  with  a  tarbrush 
(Eremophila  glabra).  The  collectìon  of  litter  round  the  bushes, 
comprising  fallen  leaves,  loose  soil,  and  the  remains  of  annual 
plants,  can  be  seen.  See  page  68.  9  b.  The  final  stage  in  the  de- 
terioration  of  what  le  ss  than  ten  years  previously  was  saltbush 
country y  similar  to  that  shoivn  above.  See  page  68. 
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stream  of  clear  water  percolates  into  the  underlying  soil  or 
finds  its  way  into  the  forest  stream.  The  importance  of 
f  orest  litter  has  been  disastrously  proved  on  many  occasions 
by  removing  it,  while  leaving  the  forest  otherwise  intact. 
Removal  of  litter,  for  fuel,  bedding,  or  to  prepare  the 
land  for  forest  grazing,  may  produce  very  rapid  erosion 
and  serious  flooding.  It  is  worth  noting  that  the  characteris- 
tic  structure  of  coniferous-f orest  soils  develops  largely  as  a 
result  of  the  chemical  action  of  the  humus  in  the  litter  on 
the  minerai  soil.  The  forest  humus  makes  the  underlying 
soil  very  'erodible',  but  at  the  same  time  affords  perf ect  pro- 
tection  against  erosion. 

The  typical  structure  of  steppe  and  prairie  soils  is  quite 
different  from  that  of  coniferous-forest  soils.  It  has  been 
described  as  'granular',  'crumbly'  and  'nutty',  none  of 
which  terms  is  expressive  enough,  for  this  structure  is  the 
most  valuable  characteristic  that  any  soil  in  agricultural 
use  can  bave.  It  has,  indeed,  been  described  as  *the  only 
structure  having  any  agricultural  value  at  all'. 

This  rather  sweeping  statement  is  to  some  extent  justified 
since  the  unconscious  object  of  agricultural  cultivation 
throughout  the  ages  has  been  to  produce  a  granular  struc- 
ture in  the  soil.  Under  a  semi-arid  Continental  climate  a 
granular  structure  occurs  naturally,  but  it  is  only  recently 
that  settled  agriculture  has  been  attempted  in  semi-arid  Con- 
tinental regions,  and  it  is  turning  out  to  be  a  much  more 
difficult  proposition  than  might  be  expected,  considering 
that  the  ideal  agricultural  soil  was  there  ready  to  band. 

A  well-developed  virgin  steppe  soil  consists  of  compact 
granules  varying,  in  different  soils,  from  the  size  of  wal- 
nuts  to  the  size  of  peppercorns,  or  smaller.  The  granules 
impart  to  the  soil  the  ideal  'tilth'  which  is  the  dream  of  the 
arable  f armer.  The  soil  off ers  the  minimum  of  resistance  to 
the  passage  of  the  plough,  and  it  can  be  cultivated  in  either 
wet  or  dry  weather  without  destroying  the  tilth.  It  is  natu- 
rally rich  in  plant  food  and  gives  high  yields  over  long 
periods  without  any  manuring.  The  separate  granules  bave 
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a  strong  water-absorbing  and  water-holding  capacity  and 
do  not  quickly  dry  out  in  times  of  drought,  while  after 
heavy  rain,  when  the  granules  become  saturated  to  capacity 
with  water,  any  excessive  water  fìlters  away  through  the 
interstices  between  the  granules  and  water-logging  is 
avoided.  A  granular  soil  is  thus  very  largely  immune  from 
two  of  the  conditions  most  conducive  to  erosion,  namely, 
excessive  drying-out  and  puddling.  The  granules,  more- 
over,  bave  a  characteristically  pitted  shape  which  con- 
tributes  appreciably  to  their  collective  resistance  to  erosion. 
Unlike  the  almost  structureless  coniferous-forest  soil,  the 
granular  grassland  soil  does  not  become  'erodible'  immedi- 
ately  the  protective  vegetation  cover  is  removed. 

Nevertheless  the  naturai  vegetation— perennial  grass— is 
essential  both  for  the  development  and  maintenance  of  a 
granular  soil  structure.  The  granules,  which  impart  to  the 
soil  as  a  whole  such  effective  erosion-resisting  properties, 
owe  their  development  to  the  nature  of  the  humus  derived 
from  the  grasses  and  to  the  multitude  of  interlacing  grass 
roots  which  mechanically  break  the  soil  up  into  discrete, 
compact  aggregates. 

The  soil— rich,  deep,  homogeneous,  porous,  retentive  of 
water  and  easy  to  cultivate— is  the  ideal  for  which  farmers 
bave  striven  in  the  humid  European  climate  where  it  does 
not  occur  naturally.  In  the  semi-arid  climates  where  it  does 
occur  naturally,  cultivation  measures  designed  and  evolved 
in  the  main  to  encourage  soil  granulation  in  humid  climates 
cause  the  destruction  of  the  granular  structure  and  soil 
erosion.  These  different  consequences  of  cultivation— the 
formation  and  destruction  respectively  of  a  favourable  soil 
structure— will  be  understood  if  we  notice  the  essential  fea- 
tures  of  typical  f  orest  and  grassland  soils  (Figs.  1 2  a  and  b) . 
The  f orest  soil  consists  of  (  i  )  a  peaty  layer  of  'raw  humus' 
overlying  (2)  a  greyish-white,  structureless  or  laminated, 
very  acid  mineral-soil  layer  from  which  most  of  the  plant 
food  has  been  leached  by  the  action  of  water  charged  with 
acid  humic  matter,  and  (3)  a  compact,  less  acid  subsoil  in 
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which  the  plant  food removed  from  (2)  has  been  deposited. 
Cultivation  mixes  these  three  layers  together,  incorporates 
the  raw  humus  with  the  minerai  soil,  brings  the  plant  food 
in  the  subsoil  nearer  the  surface  and  reduces  the  acidity  of 
the  topsoil.  Cultivation  by  itself  will  not  produce  a  stable 
granular  structure  in  such  a  f  orest  soil,  but  it  is  a  step  in  the 
right  direction.  In  typical  deciduous-forest  soils,  in  which 
the  differentiation  into  separate  layers  is  only  just  begin- 
ning  and  a  weakly-developed  granular  structure  stili  exists, 
cultivation  tends  to  check  the  normal  process  of  further 
differentiation  and  deterioration  and  to  promote  structural 
stability.  In  Europe  the  change-over  from  forest  to  agri- 
cultural  soils  has  been  a  very  graduai  process  achieved  by 
centuries  of  cultivation  combined  with  animai  husbandry 
and  the  liberal  use  of  manures  and  lime  to  enrich  the  soil 
and  reduce  its  naturai  acidity.  But  the  resultant  soils  are  not 
stable  under  the  European  climate  and  if  neglected  begin  to 
revert  to  their  f  ormer  condition. 

The  semi-arid  grassland  soil  presents  a  very  diif  erent  pie- 
ture.  It  exhibits  its  typical  granular  structure  and  is  unif  orm 
in  colour  and  composition  to  a  considerable  depth  (some- 
times  several  f eet) .  The  subsoil  usually  appears  quite  white 
with  calcareous  deposits  which  bave  originated  from  lime 
washed  down  from  the  upper  soil  during  wet  periods.  Dur- 
ing  the  hot  and  dry  summers  characteristic  of  the  semi-arid 
grassland  environment  some  of  this  lime  is  sucked  up  by 
the  ascending  current  of  subsoil  moisture  so  that  the  surface 
soil  retains  sufficient  lime  to  counteract  any  tendency 
towards  acidity.  The  living  grass  roots  break  up  the  soil, 
keeping  it  well  aerated,  and  help  to  preserve  the  granular 
structure,  the  dead  grass  roots  humify  in,  and  richly 
manure,  the  minerai  soil  itself,  and  the  dead  grass  leaves  are 
buried  by  multitudinous  rodents  and  earthworms  which 
also  mix  up  the  soil  to  great  depths  and  thus  keep  it  thor- 
oughly  'culti vated'.  In  fact,  ali  the  main  operations  of  culti- 
vation and  manuring  considered  necessary  to  put  the  land 
into  good  condition  for  agriculture  had  been  carried  out  to 
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perfection  by  Nature  long  before  civilized  man  appeared 
on  the  scene.  Note  how  much  this  ideal  type  of  soli  forma- 
tion  depends,  like  ali  other  types  of  soli  f  ormation,  on  the 
naturai  flora  and  fauna.  The  indigenous  grasses  are  rich  in 
minerals  which  fertilize  the  soil  when  the  grasses  die,  the 
roots  maintain  the  soil  structure,  the  rodents  and  worms 
keep  the  soil  'f resh'  by  continuai  mixing.  This  mixing,  even 
more  than  the  climate,  keeps  the  topsoil  well  supplied  with 
lime  and  ensures  a  high  level  of  microbiological  activity, 
rapid  decomposition  of  humus,  and  a  steady  stream  of 
nutrients  available  for  plant  growth.  Everything  works  in 
perf ectly  to  maintain  lasting  f ertility.  The  prairie  or  steppe, 
with  its  soil  and  fauna,  comprises  the  most  stable  biologica! 
community  known. 

Ali  that  is  needed  to  make  these  soils  suitable  for  agri- 
culture  is  to  plough  up  the  grass  and  get  rid  of  the  rodents 
and  wild  animals  which  might  eat  up  the  crops,  in  other 
words,  to  destroy  the  naturai  source  of  manure,  the  pre- 
server of  tilth  and  the  cultivators.  The  animai  cultivators 
bave  been  replaced  by  the  plough,  but  seldom  has  anything 
recompensed  the  soil  for  the  loss  of  its  perennial  grass 
cover.  It  has  been  unnecessary,  uneconomical  and  imprac- 
ticable  to  manure  the  cuMvated  prairies  and  the  originai 
humus  supply  is  becoming  exhausted.  As  the  humus  con- 
tent  falls,  the  structure  weakens  and  finally  breaks  down 
under  the  plough,  the  soil  pulverizes  in  dry,  and  puddles 
in  wet  weather,  and  becomes  as  'erodible'  as  the  structure- 
less  forest  soil  deprived  of  its  protective  humus  cover. 
Breakdown  in  structure  means  a  marked  deterioration  of 
the  soil's  physical,  chemical  and  biologica!  properties  which 
make  for  fertility,  and  as  the  soil  becomes  more  erodible  it 
is  more  difiìcult  to  maintain  on  it  an  adequate  protective 
cover  of  vegetation. 

Midway  in  character  between  the  structureless  or  lami- 
nated  conif  erous-f  orest  soils  and  the  granular  grassland  soils 
are  the  deciduous-forest  soils  with  a  more  or  less  unstable 
granular  structure  in  which  f  aint  laminations  can  sometimes 
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be  observed.  In  moist  temperate  climates  there  is  a  naturai 
tendency  for  deciduous-forest  soils  to  deteriorate  into 
coniferous-forest  soils  with  loss  of  the  granular  structure, 
but  if  they  are  cleared  and  properly  cultivated  and  manured 
the  tendency  is  in  the  opposite  direction  of  stabilizing  the 
granular  structure.  This  is  one  reason  why  serious  erosion 
has  not  occurred  on  European,  formerly  deciduous-forest 
soils.  Apparently  the  crude  cultivation  methods  used  by  our 
forefathers  were  just  what  was  wanted  to  turn  the  scale  in 
the  direction  of  improving  the  forest  soils.  On  the  other 
hand,  the  more  thorough  and  efficient  methods  of  clearing 
the  mixed  forests  and  cultivating  the  soils  of  eastern 
America,  unaccompanied  by  the  intensive  manuring  that 
characterized  agricultural  development  in  Europe,  accele- 
rated,  if  it  did  not  actually  bring  into  being,  the  tendency 
towards  structural  deterioration.  It  is  easier  to  descend  than 
to  rise,  and  the  relatively  rapid  development  of  the  eastern 
United  States  involved  too  sudden  a  disturbance  of  naturai 
conditions  to  be  accompanied  by  an  improvement  in  the 
soil.  Erosion  has  been  very  severe  in  some  parts.  The 
eastern  American  climate,  moreover,  is  more  subject  to  ex- 
tremes  and  theref  ore  more  erosive  than  the  western  Euro- 
pean, and  probably  erosion  coufd  only  bave  been  avoided 
by  an  even  more  prolonged  and  graduai  process  of  develop- 
ment than  took  place  in  Europe. 

As  we  pass  from  semi-arid  to  the  really  arid  conditions 
of  the  desert  fringe  where  agriculture  can  only  be  carried 
on  under  irrigation,  the  soils  become  progressively  more 
powdery  and,  when  the  desert  itself  is  reached,  ali  trace  of 
soil  structure  has  disappeared,  and  the  loose  particles  are 
freely  blown  about  by  the  wind,  causing  frequent  great 
sand  storms,  now  rivalled  in  magnitude  by  the  dust  storms 
of  deteriorated  semi-arid  lands.  On  the  borders  of  the 
deserts  where  only  a  sparse  naturai  vegetation  can  exist 
under  a  very  low  rainfall,  the  soils  are  to  ali  intents  and 
purposes  structureless,  but  often  acquire  a  certain  tenacity 
by  reason  of  the  presence  of  soluble  hygroscopic  salts 
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which  absorb  dew  and  keep  the  surf ace  slightly  moist.  This 
property  of  semi-desert  soils  to  absorb  any  water  or  water 
vapour  in  their  neighbourhood  both  ensures  that  the  maxi- 
mum amount  of  moisture  possible  under  the  circumstances 
is  at  the  disposai  of  the  vegetation,  and  also  aff  ords  the  soils 
some  protection  against  excessive  wind  erosion.  Even  the 
small  amount  of  rain,  however,  will  in  time  wash  the  soluble 
salts  from  the  surf  ace  soil.  The  washing  is  much  more  rapid 
and  complete  under  artificial  irrigation.  As  the  salts  disap- 
pear  the  soil  may  acquire  a  sHghtly  granular  structure  and 
become  more  productive,  since  an  excess  of  soluble  salts  is 
detrimental  to  plant  growth.  One  of  the  principal  purposes 
of  irrigation,  besides  supplying  water  for  plant  growth,  is 
to  remove  any  excess  of  salts.  But  as  the  naturai  or  artificial 
washing-out  of  salts  continues,  the  soil  structure  changes 
completely,  and  very  much  for  the  worse.  When  dry,  the 
salt-free  soil  breaks  up  into  hard,  columnar  blocks  quite 
impossible  to  cultivate,  and  deep  cracks  appear  between  the 
columns;  when  wetted  the  soil  breaks  down  to  a  slimy, 
almost  syrupy  consistency,  equally  impossible  to  cultivate 
and  very  unsuitable  for  any  land  of  plant  growth  (Fig. 
12^).  This  type  of  soil  structure  is  known  as  'black  alkaU' 
and  is  the  terror  of  irrigation  f  arming. 

Neither  does  Nature  seem  to  approve  of  black  alkali.  A 
black  alkah  soil  is  about  the  worst  and  most  intractable 
kind  that  can  be  imagined;  it  is  also  the  most  erodible,  in- 
deed  it  might  be  said  to  be  the  only  soil  type  that  is  erodible 
under  the  conditions  of  its  naturai  occurrence.  Water  can- 
not  percolate  through  black  alkah,  instead  it  'liquefies'  the 
soil,  and  the  resulting  syrup  flows  away  bodily  until  a 
structureless  subsoil  layer,  charged  with  salts  leached  from 
the  black  alkali  soil,  appears  on  the  surf  ace.  The  cycle— 
leaching  of  salts,  removal  of  the  de-salinized  layer  and  re- 
appearance  of  a  saline  layer  at  the  surface— goes  on  con- 
tinuously  and  affords  a  good  illustration  of  how  naturai 
erosion  removes  the  exhausted  layers  of  a  soil,  leaving  a 
fresh  layer  exposed.  This  type  of  erosion  is  not  usually  ob- 
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servable  but  we  can  deduce  its  occurrence  as  a  normal  phe- 
nomenon  from  the  rarity  of  naturai  black  alkali  soils  except 
in  closed  depressions  where  soil  accumulation  rather  than 
denudation  is  the  rule.  In  the  opinion  of  many  investigators, 
if  erosion  were  not  continually  going  on,  black  alkali 
should  be  much  more  common  in  arid  regions  than  saline 
soils  since  ampie  time  has  elapsed  for  the  salts  to  be  leached 
out.  Actually  the  reverse  is  the  case.  When  black  alkali  is 
artificially  produced  by  irrigation,  erosion  does  not  keep 
pace  with  its  f  ormation  and  extensive  irrigation  areas  may 
be  ruined  unless  adequate  measures  are  taken  to  prevent 
the  development  of  black  alkali. 

Tropical  soils  bave  not  been  as  thoroughly  studied  as 
temperate  soils.  They  vary  greatly,  but  without  such 
marked  diff erences  between  types  as  are  f  ound  in  temperate 
regions.  The  most  characteristic  tropical  soil  structure  is 
best  described  as  'cellular'.  The  soil  is  rather  like  a  honey- 
comb,  very  porous  and  resistant  to  erosion.  The  processes 
by  which  this  structure  is  f  ormed  are  not  f  ully  understood, 
but  the  intense  biological  activity  prevailing  in  the  soil  and 
vegetatiori  undoubtedly  plays  an  important  part  in  struc- 
ture development  and  maintenance.  As  soon  as  the  naturai 
vegetation  is  destroyed,  the  first  thing  that  disappears,  with 
astonishing  rapidity,  is  soil  f ertility.  This  is  particularly  true 
of  tropical  forest  soils  in  v^^hich  nearly  ali  the  nutrient 
material  is  locked  up  in  the  vegetation  or  kept  in  continuai 
circulation  by  the  almost  instantaneous  decomposition  of 
dead  plant  residues.  The  minerai  soil  contains  very  little 
plant  food.  The  fertility  that  produces  the  most  luxuriant 
plant  association  in  the  v^^orld  is  ali  contained  in  the  vegeta- 
tion itself  ;  the  soil  is  little  more  than  a  foothold  for  roots 
and  a  passage-v^ay  through  which  nutrients  are  rapidly 
transferred  from  the  dead  to  the  living  plants.  Native  cus- 
tom  was  to  clear  and  cultivate  small  forest  patches  for  one 
or  two  years  only  and  then  move  on  while  there  was  stili 
sufficient  fertility  left  to  enable  the  forest  to  regenerate 
itself.  When  the  period  of  'shifting  cultivation'  is  pro- 
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longed,  owing  to  the  pressure  of  increasing  populations  for 
example,  fernlity  soon  falls  to  a  level  below  which  naturai 
regeneration  will  not  occur.  At  the  same  time,  the  soil 
structure  breaks  down,  and  the  soil  is  exposed  to  the  excep- 
tionally  erosive  force  of  the  tropical  rains.  Erosion-resistant 
as  the  structure  is,  it  cannot  withstand  the  direct  impact  of 
tropical  rain  when  deprived  of  the  protective  intervention 
of  the  dense  f orest  canopy.  Nature  changes  quickly  in  the 
tropics;  whereas  it  may  take  twenty  or  thirty  years  of 
faulty  land  utilization  in  temperate  climates  before  serious 
erosion  becomes  manifest,  the  same  result  is  achieved  in 
one-tenth  of  the  time  in  the  tropics.  It  must  be  admitted 
that  no  agricultural  system  except  shifting  cultivation  has 
yet  been  devised  that  will  ensure  lasting  stabihty  and  fer- 
tility  to  tropical  forest  soils  under  human  management. 
Shifting  cultivation  means  a  nomadic  existence  for  the  in- 
habitants,  a  low  and  static  standard  of  living,  and  requires 
wars,  feuds  and  epidemics  or  a  strictly  enforced  policy  of 
birth  control  to  prevent  the  population  from  increasing  be- 
yond  the  limit  supportable  under  the  system. 

The  most  successful  example  of  intensive  cultivation  of 
tropical  forest  soils  is  probably  to  be  found  in  the  Dutch 
East  Indies  where  erosion  has  been  checked  and  the  soils  are 
stili  producing  good  crops  of  coffee,  tobacco,  rubber,  etc, 
after  forty  or  more  years'  continuous  cultivation.  It  is 
doubtful,  however,  whether  they  would  bave  survived, 
even  imder  the  exemplary  treatment  they  bave  received, 
had  they  not  been  mostly  very  young  soils  derived  from 
recent  volcanic  eruptions,  containing  reserves  of  plant  food 
considerably  greater  than  those  found  in  older  tropical 
soils. 

We  bave  emphasized  the  part  played  by  soil  structure  in 
the  phenomenon  of  erosion  because  structure  reflects  the 
nature  and  past  history  of  the  environment  in  which  a  soil 
has  been  formed.  It  is  also  a  character  profoundly  affected 
by  human  management,  the  most  potent  factor  in  con- 
temporary  erosion.  Wherever  men  settle,  they  inevitably 
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change  the  nature  of  the  locality;  they  usurp  the  soil- 
forming  functions  of  the  naturai  vegetation  and  they  at- 
tempt— blindly  at  first  and  more  purposefully  later  on— to 
change  the  soil  so  that  it  will  produce  the  crops  they  need 
rather  than  the  plants  for  which  the  soil  is  naturally  best 
suited.  Their  operations,  continued  over  long  periods,  make 
deep-rooted  changes  in  the  soil  structure,  the  direction  of 
the  change  depending  upon  the  evolution  of  agriculture 
and  of  the  community  which  grows  up  on  the  land.  If  the 
change  is  in  the  direction  of  increasing  soil  stability,  the 
community  prospers;  if  it  is  in  the  opposite  direction,  the 
community  declines. 

Throughout  history  the  unconscious  purpose  of  cultiva- 
tion  has  been  to  produce  a  granular  soil  structure.  The  cul- 
tivators  knew  little  or  nothing  about  soil  structure,  but 
those  operations  which  were  f  ound  to  improve  tilth  and  in- 
crease  fertility  were  adopted  as  the  basis  of  agriculture. 
This  basis  when  once  firmly  established  cannot  easily  be 
changed,  and  the  same  operations  that  will  convert  a  poor 
structure  into  a  good  one  may,  if  continued,  reverse  the 
process.  Irrigation,  upon  which  early  civilizations  were 
founded,  at  first  stablized  and  fertilized,  but  finally  de- 
stroyed,  the  soil.  To-day,  in  the  newly  settled  naturai  grass- 
lands,  mankind  is  confronted  with  the  puzzling  problem  of 
what  to  do  with  a  soil  which  is  physically,  chemically  and 
biologically  almost  perfect  for  agriculture— a  soil  which 
must  be  changed  by  human  settlement  but  cannot  be  im- 
proved.  Because  agriculturists  have  found  their  ideal  rea- 
lized  in  the  rich  grassland  soil  they  have  made  no  attempt 
to  improve  upon  it  and  only  occasionai  attempts  to  pre- 
serve it  for  posterity.  What  is  to  be  the  objective  of  grass- 
land agriculture?  To  retard  as  much  as  possible  inevitable 
deterioration  and  erosion  of  the  soil,  to  re-build  the  deso- 
lated  and  eroded  regions  up  to  their  former  fertility,  or  so 
to  revolutionize  agriculture  that  it  is  best  adapted  to  some 
other  soil  structure  than  the  granular?  Whatever  the  an- 
swer,  the  task  promises  to  be  as  difficult  as  any  that  man- 
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kind  has  undertaken  in  its  perpetuai  struggle  with  wild 
Nature. 

The  corresponding  problem  in  the  tropics— how  to  pre- 
serve a  non-erodible  soil  structure  under  continuous  culti- 
vation— is  stili  more  difficult  to  solve.  It  is  doubtf  ul  whether 
any  known  method  of  economie  land  utilization  will  pro- 
duce a  stable  granular  structure  in  humid  tropical  soils,  or 
whether  any  economie  crop  or  economie  application  of 
manures  can  replace  the  luxuriant  wild  vegetation  as  an 
adequate  fertilizer  and  stabilizer  of  the  land.  Artificial  fer- 
tilizers  often  produce  no  positive  result  on  tropical  soils.  It 
is  possible,  however,  that  entirely  new  ideas  on  agriculture 
and  land  utilization  may  some  day  be  conceived,  in  which 
the  arts  of  economie  eultivation  and  animai  husbandry  as 
we  know  them  will  play  a  very  subordinate  part.  We  stress 
the  economie  aspeet  of  the  problem  because  an  agrieultural 
system— shifting  eultivation— is  already  known  which  en- 
ables  men  to  eke  out  an  existence  in  the  tropics  and  at  the 
same  time  preserves  the  stability  of  the  soil.  But  it  is  not  a 
system  which  anyone  would  adopt  if  he  intended  the 
produet  of  bis  land  to  compete  in  the  markets  of  the 
world. 
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CHAPTER  Vili 

The  Principles  of  Soil  Conservation 


Soil  conservation  is  inseparable  from  good  husbandry. 
^VerticaP  and  HateraP  erosion.  Conservation  in  humid 
regìons.  Early  conservation  by  terracing  in  semi-arid  regions. 
The  first  principle  in  conserving  semi-arid  soils.  The  evolu- 
tion  of  the  modem  terrace.  Contour  farming.  Mechanical 
and  biological  soil  conservation.  Preventing  erosion  ivith 
plants.  Naturai  soil  conservation.  Conservation  of  arable 
land.  The  use  of  iveeds.  Cover  crops.  Rotations.  Strip- 
cropping.  Individuai,  communal  and  regional  soil  conserva- 
tion. Floods  and  flood  control.  Limitations  of  engineering 
control.  Soil  conservation  and  floods.  River  catchments  as 
conservation  units. 


Th 


-HERE  IS  NOTHiNG  NEW  in  the  idea  of  soil  conservation. 
Soil  conservation  is  as  old  as,  and  in  former  times  was 
almost  synonymous  with,  agriculture  although  nobody 
used  the  synonym,  which  is  a  recent  American  invention. 
Good  husbandry  consists  not  only  in  producing  but  in 
continuing  to  produce  good  crops.  If  we  wished  to  dis- 
tinguish  between  agriculture  and  soil  conservation,  we 
might  define  agriculture  as  cultivation  for  present  and  soil 
conservation  as  cultivation  for  future  production.  Good 
husbandry  combines  agriculture  and  soil  conservation. 

In  humid  regions,  before  the  advent  of  machines  and 
artificial  fertilizers,  good  crops  could  in  general  only  be  ob- 
tained  by  adopting  measures  like  organic  manuring,  mixed 
farming  and  crop  rotations  which  at  the  same  time  tended 
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permanently  to  improve  the  soil.  One  type  of  Vertical' 
erosion  was  very  liable  to  occur,  namely,  the  removal  by 
leaching  from  the  soil  of  soluble  salts  and  plant  nutrients, 
and  many  common  agricultural  operations  were  designed 
to  prevent  this.  'LateraF  erosion  did  not  occur  to  any  seri- 
ous  extent,  largely  on  account  of  the  absence  of  strong 
winds,  protracted  droughts  and  torrential  storms.  Nowa- 
days  the  prevention  of  'vertical'  erosion  seems  a  very  simple 
matter,  but  it  took  several  centuries  for  mankind  to  leam 
how  to  counteract  the  drain  on  plant  f oods  to  which  humid 
soils  under  cultivation  are  subjected. 

Another  way  of  distinguishing  between  what  we  have 
called  'vertical'  and  'lateral'  erosion  respectively  would  be 
to  say  that  the  former  involves  the  washing-out  of  the 
soluble  parts  of  the  soil  and  the  latter  mainly  the  washing 
(or  blowing)  away  of  the  insoluble  parts.  'Vertical'  erosion 
is  always  liable  to  occur  in  humid  regions  where  the  move- 
ment  of  water  in  the  soil  is  predominantly  downwards,  but 
not  in  arid  regions  where  water  is  drawn  upwards  by 
evaporation.  'Lateral'  erosion  is  very  Uable  to  occur  on  un- 
protected  soils  in  arid  regions  because  the  soil  pulverizes 
and  loses  its  water-absorbing  power  when  it  dries  out. 
Both  'vertical'  and  'lateral'  erosion  occurs  in  the  humid 
tropics  owing  to  the  effects  of  extreme  beat  and  torrential 
rain. 

The  naturai  vegetation  counteracts  'vertical'  erosion  by 
keeping  the  soluble  plant  nutrients  in  circulation  through 
the  plants  and  back  to  the  surface  of  the  soil  when  the 
plants  die,  and  'lateral'  erosion  by  the  soil-binding  eifect 
of  the  plant  roots,  by  the  physico-chemical  eff  ect  of  decay- 
ing  humus  on  the  soil  structure,  and  by  mitigating  the  im- 
pact of  rain  and  wind  on  the  soil. 

The  technical  problem  of  preventing  'vertical'  erosion 
in  soils  under  cultivation  has  been  solved  by  manuring  and 
by  ploughing,  barro wing,  rolling  and  so  on,  with  the  object 
of  keeping  soil  moisture  near  the  surface.  These  cultural 
practices  were  adopted  because  they  were  found  to  prò- 
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duce  good  crops  and  keep  the  soil  in  good  heart;  the  idea 
that  by  tilling  the  soil  he  was  recompensing  it  for  the  loss 
of  protection  against  leaching  aff orded  by  the  naturai  vege- 
tation  did  not  enter  the  farmer's  head.  He  probably  recog- 
nized  the  importance  of  keeping  the  plough  layer  moist, 
but  soil  chemistry  was  a  closed  hook  to  him.  Nevertheless 
he  managed  to  avoid  the  main  dangers  of  the  washing-out 
of  plant  nutrients  as  successfully  as  if  he  had  possessed  the 
half-knowledge  of  soil  chemistry  now  available.  'Agricul- 
ture'  and  'soil  conservation'  were  inseparable  and  indis- 
tinguishable.  Technical  advances  in  agriculture  may  render 
them  less  inseparable  in  the  future. 

Agriculture,  however,  had  its  beginnings  in  arid  lands 
where  precautions  against  Vertical'  erosion  were  unneces- 
sary.  Indeed,  in  the  very  arid  plains  irrigation  was  used  to 
induce  some  Vertical'  erosion  and  remove  the  excess  of 
soluble  salts  as  well  as  to  supply  water  for  the  crops.  On 
less  arid,  sloping  land  the  principal  cultural  operations  were 
evolved  to  prevent  'lateral'  erosion  and  the  run-off  of  water 
from  the  slopes.  Early  agriculture  (in  North  China,  the 
Philippine  Islands  and  Perù,  for  example)  was  particu- 
larly  notable  for  the  remarkable  systems  of  terraces  that  it 
produced.  As  soon  as  the  land  was  cultivated  it  was  found 
necessary  to  throw  up  small  earth  barriers  to  catch  the 
soil  washed  down  from  above,  and  each  year,  as  more  soil 
carne  down,  the  barriers  had  to  be  raised  and  lengthened 
until  in  the  course  of  centuries  a  complete  terrace  system 
came  into  existence.  Terracing  performed  a  similar  func- 
tion  in  early,  semi-arid  agriculture  to  that  of  ploughing  and 
harrowing  in  later,  humid  agriculture— it  conserved  the  soil. 
In  one  form  or  another  it  is  the  traditional  f orm  of  cultiva- 
tion  through  the  semi-arid  East. 

In  South  and  Central  China  the  primary  f  unction  of  the 
innumerable  terraces  on  bill  slopes  has  been  to  hold  back 
water  for  the  rice  fìelds,  but  at  the  same  time  the  terraces 
bave  accomplished  quite  effective  erosion  control.  That 
it  was  the  need  for  irrigation  water  rather  than  a  desire  to 
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save  the  soil  that  impelled  the  Southern  and  Central  Chinese 
to  undertake  these  tremendous  engineering  feats  is  shown 
by  the  traditional  way  they  cultivated— and  stili  cultivate 
— unirrigated  rice  by  planting  in  rows  running  up  and 
down  slopes,  causing  rapid  erosion  and  abandonment  of  the 
fields  after  a  few  years.  These  people  do  not  appear  to  have 
been  really  'erosion-conscious'.  Their  object  in  terracing 
was  to  save  the  scanty  water  supply  and  keep  it  in  the  top 
layer  of  the  soil.  Where  they  could  attain  their  object  with- 
out  terracing,  they  gave  little  attention  to  protecting  the 
actual  soil  against  erosion. 

Soil  conservation,  in  the  sense  of  counteracting  the  de- 
structive  eff  ect  of  rain  on  cultivated  soil,  has  been  an  essen- 
tial,  albeit  sometimes  incidental,  feature  of  ali  successful 
agricultural  systems.  It  was  none  the  less  essential  f  or  being 
incidental.  As  long  as  men,  guided  by  intuition  and  with 
crude  implements  helping  the  work  of  their  hands,  treated 
the  soil  to  their  best  advantage,  soil  conservation  looked 
after  itself .  Only  since  science  has  shown  the  way  to  mul- 
tiply  the  naturai  output  from  the  land  has  soil  conservation 
come  to  be  regarded  as  something  almost  distinct  from  nor- 
mal  agriculture.  Unfortunately  for  the  soil,  it  was  found 
that  the  agricultural  systems  that  prevented  Vertical'  ero- 
sion on  humid  land  could  be  adopted  to  produce  large 
profits  on  semi-arid  land  where  'vertical'  erosion  was  prac- 
tically  non-existent.  Thus  the  soil-conservation  side  of  agri- 
culture  was  gradually  eliminated  as  redundant,  and  fat 
profits  continue  d  to  be  made  from  the  soil  by  pure  exploita- 
tion  until  there  were  no  more  profits  left. 

The  principles  of  soil  conservation  that  will  have  to  be 
re-introduced  into  modem  semi-arid  agriculture  are  funda- 
mentally  the  same  as  those  which  evolved  naturally  as  part 
of  the  agriculture  of  the  ancient  East,  but  profoundly 
modified  in  detail  to  suit  the  changed  conditions  of  the 
age.  The  first  object  of  soil-conservation  measures  on  semi- 
arid  land  is  to  make  the  best  use  of  rain.  When  this  has  been 
achieved,  the  problem  of  preventing  'lateral'  erosion  by 
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either  water  or  wind  is  already  half  solved.  In  the  humid 
tropics  the  matter  is  complicated  by  the  fact  that  both 
Vertical'  and  'lateral'  erosion  is  threatened,  and  the  experi- 
ence  gained  in  soil  conservation  in  both  humid-temperate 
and  arid-temperate  regions  needs  to  be  taken  into  account. 
But  wherever  the  soil-conservation  side  of  agricultiire  has 
been  neglected  for  the  sake  of  economie  opportunity,  its 
re-introduction  will  mean  that  somebody  must  suffer  a  re- 
duction  in  immediate  profit  or  incur  a  greater  loss  than 
would  otherwise  bave  been  necessary.  That  is  the  rub.  The 
fundamentals  of  soil  conservation  on  semi-arid  land  were 
worked  out  by  the  ancients;  they  are  simplicity  itself  on 
paper,  but  cause  revolutions  now  that  circumstances  are 
compelling  their  re-introduction  after  a  highly  profitable 
period  of  neglect. 

The  first  principle  underlying  ali  measures  for  con- 
trolling  water  erosion  on  semi-arid  land  is  to  reduce  the 
velocity  and  amount  of  run-off— especially  the  velocity, 
the  amount  usually  being  reduced  at  the  same  time,  since 
the  lower  the  velocity  the  greater  chance  the  water  has  of 
being  absorbed  by  the  soil. 

One  of  the  most  common  methods  of  reducing  run-off 
velocity  is  to  break  a  slope  by  terracing.  Damming  water 
courses  and  'listing'  are  other  purely  mechanical  ways  of 
checking  run-off,  bolstering  up  the  weakened  f abric  of  the 
soil  and  cementing  it  anew  with  moisture.  As  water  flows 
down  a  slope,  it  accelerates  under  the  force  of  gravity,  its 
erosive  power  increasing  as  the  square  of  its  velocity  (i.e. 
doubling  the  velocity  quadruples  the  erosive  power).  By 
throwing  a  terrace  or  dam  across  the  direction  of  flow,  run- 
off  water  is  held  up,  soil  carried  in  suspension  is  deposited, 
and  by  skilful  management  any  excess  of  water  not  ab- 
sorbed by  the  soil  may  be  turned  to  some  useful  purpose 
such  as  irrigating  lower-lying  land  or  watering  stock.  At 
worst,  the  accumulated  water  debouches  over  the  terrace  or 
bank,  possibly  destroying  it  in  the  process,  and  continues 
down  the  slope  with  lower  velocity  and  erosive  power  than 
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if  its  progress  had  been  unimpeded.  Terracing  is  the  oldest 
known  method  of  stopping  erosion,  but  the  fiat  'bench'  ter- 
races  (like  those  illustrated  in  Fig.  i6)  of  former  times 
have  little  applicability  to  large-scale  mechanized  farming. 
The  broad-based,  contour  tenace,  described  in  Chapter  IX, 
has  been  evolved  from  the  bench  terrace  to  suit  modem 
conditions,  and  it  is  noteworthy  that  its  evolution  has  been 
the  work  of  practical  farmers  far  more  than  of  trained 
scientists.  It  is  theref  ore  more  likely  to  be  a  naturai  growth. 
At  some  future  time  the  broad-based  terrace  may  be  re- 
garded  as  the  most  enduring  characteristic  of  twentieth- 
century  civilization,  and  men  may  marvel  at  the  painstak- 
ing  ingenuity  with  which  a  primitive  people  tilled  the  soil 
and  became  masters  of  the  elements. 

The  modem  terrace  does  not  seriously  interfere  with  the 
operations  of  mechanized  farming;  such  interference  as  it 
causes  is  mainly  to  the  good,  since  it  prevents  destructive 
cultivation  like  ploughing  up  and  down  slopes  from  being 
used.  Terrace  design  is  being  further  improved  with  the 
object  of  utilizing  in  the  most  efficient  way  the  water 
which  the  terraces  catch.  Very  frequently  the  water  can  ali 
be  absorbed  into  the  soil  and  utilized  by  crops  growing  on 
the  spot.  Where  complete  absorption  is  impracticable,  pro- 
vision can  be  made  f or  irrigating  low-lying  land  with  the 
excess  of  water,  f  or  distributing  and  catching  the  water  on 
a  series  of  lower  terraces,  or  f or  conducting  it  into  naturai 
drainage  channels  where  it  can  do  no  harm.  Similar  pro- 
vision has  to  be  made  to  deal  with  the  excess  of  water  flow- 
ing  over  and  round  dams  built  across  gullies,  for  run-off  is 
a  perpetuai  source  of  danger  until  it  reaches  its  destination 
in  the  sea.  The  design  of  terraces  and  dams  is  becoming 
a  specialized  engineering  job  in  which  locai  characteristics 
of  climate,  topography,  geology,  soils  and  vegetation  have 
to  be  taken  into  account. 

Since  the  object  of  terraces  is  to  check  as  far  as  possible 
the  flow  of  run-off  under  gravity,  they  are  most  effective 
when  built  on  one  level,  i.e.  foUowing  the  contours  of  the 

[  'o;  ] 


VANISHING  LANDS 

land.  A  picture  of  a  field  terraced  on  the  contour  looks 
rather  like  an  orographical  map,  in  which  the  contour  lines 
twist  and  turn  and  doublé  back  on  themselves  according  to 
the  lie  of  the  land.  A  contour-terrace  system  on  an  uneven 
slope  has  an  almost  grotesque  appearance,  very  different 
from  the  straight-f  urrowed  field  that  used  to  be  the  plough- 
man's  pride.  Ploughing  along  the  contour— an  operation 
that  may  require  considerable  skill— has  much  the  same 
eff ect  as  contour  terracing,  each  f urrow  acting  as  a  diminu- 
tive, temporary  terrace.  When,  on  the  other  hand,  the 
plough  runs  across  the  contour  (up  and  down  a  slope), 
each  furrow  becomes  a  storm  drain  for  run-oif  and  may 
develop  into  a  permanent,  eroding  guUy.  Lines  of  contour 
ha  ve  acquired  great  significance  in  the  culti  vation  of  semi- 
arid  land.  The  phrase  'contour  farming'  has  been  coined 
to  describe  modem  systems  in  which  cultural  operations 
are  carried  out  as  far  as  possible  on  naturai  levels,  instead 
of  on  artificial  levels  as  in  the  old  flat-bench  terrace  sys- 
tems. The  diff  erence  is  that  in  one  system  the  f  armer  adapts 
his  operations  to  the  lie  of  his  land,  and  in  the  other  modi- 
fies  the  lie  of  the  land  to  suit  his  operations. 

Nowadays,  however,  a  diminishing  importance  is  being 
attaché  d  to  the  part  the  engineer  can  play  in  soil  conser va- 
tion. An  outstanding  feature  of  the  modem  outlook  on 
soil  conservation  is  the  emphasis  laid  on  the  superior  value 
of  biological,  as  compared  with  mechanical,  erosion  con- 
trol. If  the  soil  is  performing  its  naturai  biological  f  unctions 
of  feeding  and  being  fed  by  living  organisms,  it  will  not  in 
general  erode  seriously.  Biological  soil  conservation  is  not 
new;  indeed  the  cultural  operations  that  were  evolved  to 
keep  humid  soils  'in  good  heart'  may  be  regarded  as  bio- 
logical measures  of  soil  conservation.  They  improved  soil 
structure,  aeration  and  drainage  and,  by  enabling  the  soil 
to  supporr  a  rich  flora  and  fauna  (miscroscopic  as  well  as 
macroscopic) ,  kept  the  plant  nutrients  circulating  in  the 
surf ace  layers.  The  same  operations  are  wasted  for  this  pur- 
pose  on  semi-arid  soils.  Soil  structure  can  be  preserved, 
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within  limits,  by  the  use  of  organic  manures  (of  which 
there  are  seldom  enough  to  go  round)  but  the  traditional 
methods  of  cultivation  tend  to  destroy  the  structure,  and 
consequently  the  biological  activity,  of  semi-arid  soils. 
Great  attention  is  theref  ore  being  given  to  the  possibilities 
of  utilizing  plants  not  solely  as  economie  crops  but  also  in 
their  naturai  role  as  protectors  of  soil  fertility.  Soil  con- 
servation  is  joining  forces  with  purely  economie  agricul- 
ture  to  produce  good  husbandry. 

Biological  control  of  erosion  by  means  of  plants  may  be 
likened  to  treating  a  disease  by  dieting  or  to  maintaining 
good  health  by  temperate  living,  and  mechanical  control 
to  a  cure  by  operation.  In  advaneed  cases  where  the  whole 
body  politic  is  infeeted  with  the  disease  and  its  complica- 
tions,  the  surgeon's  knife  may  bave  to  work  drastieally;  in 
less  advaneed  cases  the  general  praetitioner  may  be  able 
to  heal  the  wounds  in  the  land  before  they  fester  and 
spread.  Immunity,  however,  is  better  than  either  preven- 
tion  or  cure,  and  can  usually  be  obtained  by  living  tem- 
perately  off  the  land.  But  temperate  living  is  not  easy  to 
sustain  when  times  are  bad,  and  very  difficult  to  enforce  in 
an  unorganized  industry  like  agriculture.  In  this  sense 
'temperate  living'  means  growing  plants  primarily  to  feed 
the  soil.  Almost  any  plant  cover  will  do  this  to  some  extent; 
the  art  of  soil  conservation  by  vegetation  consists  in  find- 
ing  the  best  plants  and  the  most  appropriate  method  of  cul- 
tivating  them  so  as  to  secure  the  maximum  soil  proteetion 
eompatible  with  the  economie  maintenance  of  the  culti- 
vator. 

As  we  bave  seen  in  the  last  chapter,  the  structure  of  the 
indigenous  plant  cover  is  usually  related  to  that  of  the  soil 
in  such  a  way  that  the  vegetation  and  soil  together  form  a 
naturai,  non-eroding  system.  The  indigenous  wild  vegeta- 
tion can  also  be  relied  upon  to  succeed  in  its  naturai  habitat 
without  human  assistance  and  is  therefore  ideal  from  the 
soil-conservation  standpoint.  Where  the  indigenous  vege- 
tation can  be  maintained  indefinitely  and  at  the  same  time 
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be  utilized  economically,  the  problem  of  soil  conserva- 
tion  ceases  to  exist.  This  is  the  object  of  sustained-yield  for- 
estry  and  controlied  grazing.  Sustained-yield  forestry  con- 
sists  in  managing  a  f  orest  so  that  only  as  much  wood  is  cut 
every  season  as  is  contained  in  the  trees  that  would  bave 
died  in  the  naturai  course  of  events;  or,  if  more  is  cut,  tree 
growth  must^be  correspondingly  stimulated.  In  this  way 
the  structure  of  the  forest  is  not  materially  changed  by 
utilization.  Controlied  grazing  involves  management  so  that 
the  fiorai  composition  of  the  pastures  does  not  change,  or 
at  least  does  not  deteriorate.  Many  naturai  grasslands  carry, 
in  the  wild  state,  an  indigenous  grazing  fauna,  and  the 
domesticated  animals  introduced  by  men  must  be  regulated 
to  bave  much  the  same  eff ect  on  the  flora  as  the  wild  fauna 
had.  Diffìculties  in  applying  these  principles  arise  when 
there  is  an  insatiable  world  demand  for  wood  and  meat, 
and  sustained-yield  forestry  and  controlied  grazing  run 
counter  to  world  economie  f orces. 

Civilization,  moreover,  requires  a  greater  diversity  of 
produce  than  can  be  supplied  by  forests  and  pastures. 
Where  arable  farming  is  concerned,  soil  conservation  with 
crops  consists  in  cultivating  in  such  a  way  that  as  much  of 
the  soil  as  is  practicable  is  protected  by  plants  for  as  long  as 
possible.  Hence  the  bad  name  that  widely  spaced,  clean- 
tilled  crops  like  cotton,  maize  and  tobacco  bave  gained 
from  the  erosion  that  so  frequently  accompanies  their  con- 
tinuous  culture.  With  such  crops,  some  measure  of 
mechanical  soil  conservation  is  often  unavoidable.  With 
some  clean-tilled  crops  the  soil  can  be  adequately  pro- 
tected by  allowing  weeds  to  grow.  Weedy  land  is  no  longer 
necessarily  a  sign  of  bad  farming.  The  rubber  tree,  whose 
naturai  habitat  is  the  tropical  rain  forest,  grows  just  as  well 
on  weedy  as  on  clean  land.  For  many  years  it  has  been  the 
custom  in  the  Dutch  East  Indies  not  to  trouble  much  about 
weed  growth  in  rubber  plantations,  and  the  same  custom 
is  now  being  adopted  for  soil-conservation  purposes  in 
Malaya  and  Ceylon.  Provided  a  few  obnoxious  species  are 

[  'oS  ] 


THE  PRINCIPLES  OF  SOIL  CONSERVATION 

suppressed,  rubber  can  hold  its  own  against  the  indigenous 
weed  flora  and  together  with  the  weeds  will  supply  ali  the 
protection  the  soil  needs  against  erosion.  Tea  planters  in 
Ceylon  are  likewise  beginning  to  put  a  conservation  value 
on  weeds,  although  the  matter  is  not  quite  as  simple  as  with 
rubber.  Tea  is  more  exacting  than  rubber,  and  cannot  stand 
up  to  weed  competition  so  well.  Weeds,  moreover,  utilize 
moisture  and  plant  food  required  for  the  tea  crop  and,  un- 
less  controlied,  are  liable  to  reproduce  jungle  conditions  in 
a  very  short  time.  A  new  system  of  'selective  weeding',  in 
which  just  as  many  weeds  as  the  tea  plants  can  tolerate  are 
allowed  to  grow,  is  being  evolved  to  cope  with  the  dis- 
astrous  erosion  which  has  accompanied  clean  weeding  in 
Ceylon.  On  most  estates  complete  protection  cannot  be 
secured  merely  by  regulating  the  vegetation,  and  some 
form  of  terracing  is  also  necessary. 

Instead  of  protecting  the  bare  spaces  between  crop  plants 
with  weeds  of  no  economie  value,  useful  cover  crops  can 
often  be  grown  with  great  advantage.  Leguminous  cover 
crops  which  fix  atmospheric  nitrogen  and  thereby  actually 
enrich  the  soil  are  especially  valuable.  Cover  crops  of  course 
may  compete  with  the  main  crop  in  the  same  way  as  weeds, 
but  on  the  other  band,  if  judiciously  selected,  may  actually 
increase  the  vitality  of  the  main  crop,  since  many  plants 
grow  better  in  mixed  than  in  pure  culture.  If  the  cover  crop 
is  subsequently  ploughed  back  as  a  green  manure  the  soil 
is  improved  when  the  added  organic  matter  humifies  and 
also  recovers  ali  the  plant  nutrients  absorbed  by  the  cover 
crop  and,  if  the  crop  is  leguminous,  an  extra  quantity  of 
nitrogen  fixed  from  the  air.  Needless  to  say,  a  good  cover 
crop  will  not  grow— as  weeds  will— without  the  expendi- 
ture  of  money  and  work.  Among  the  more  popular  ad- 
vantages  of  pioneer  farming,  which  has  to  be  superseded  by 
conservative  farming  on  eroding  land,  are  that  much 
money  need  not  be  buried  in  soil  improvements  and  that  the 
farmer  can,  if  he  adopts  monoculture,  escape  from  his 
arduous  duties  during  winter.  The  farmer  often  clings  to 

[  losf  ] 


VANISHING  LANDS 

these  advantages  even  at  the  cost  of  the  greater  ultimate 
benefits  he  would  derive  from  conservative  farming. 

The  main  purpose— f  or  soil  conservation— of  weeds  and 
cover  crops  is  to  protect  the  soil  from  the  direct  impact  of 
rain  and  wind,  although  other  advantages  also  accrue.  The 
same  purpose  is  fulfilled  by  suitable  crop  rotations.  In  the 
highly  farmed  European  countries  crop  rotations  allow  in- 
tensive mixed  farming  to  be  carried  on  with  a  great 
diversity  of  produce,  they  eliminate  the  uneconomic  fal- 
low,  facilitate  weed  and  pest  control,  and  help  to  keep 
hired  labour  employed  throughout  the  year.  These  ad- 
vantages have  a  much  lower  value  in  extensive  pioneer 
farming,  and  crop  rotations  f eli  into  immediate  disuse  when 
the  new  countries  were  opened  up.  The  ordinary  Euro- 
pean rotation  (e.g.  the  Norfolk  four-course— winter  cereal, 
roots,  spring  cereal,  dover)  has,  moreover,  little  value  for 
soil  conservation  in  semi-arid  regions  where  the  aim  should 
be  to  keep  the  soil  well  covered  for  as  long  as  possible.  The 
essence  of  soil-conserving  rotations  is  to  alternate  arable 
crops  with  dense  sod  crops;  the  function  of  the  sod  being 
not  only  to  protect  against  rain  and  wind,  but  also  to  build 
up  the  soil  structure  and  make  the  soil  more  resistant  to  ero- 
sion  when  next  it  comes  under  the  plough.  It  may  be  noted 
that  soil-conserving  rotations  including  sod  crops  aim  in 
effect  at  preserving  under  cultivation  some  of  the  more 
desirable  characteristics  of  naturai  grassland  soils. 

Numerous  investigations,  particularly  in  Russia,  have 
shown  that  perennial  grasses  will  produce  a  stable  soil  struc- 
ture, with  a  great  increase  in  permeability  persisting  for 
some  years  after  subsequent  ploughing,  in  nearly  ali  types 
of  soil.  On  the  eroding  grain-producing  steppes  of  Russia, 
six-course  rotations  including  at  least  two  years  under 
dover  sod  are  recommended.  The  dover  seems  to  be  the 
main  cause  of  the  increased  resistance  to  erosion,  but  the 
improved  soil  conditions  are  transitory  and  disappear  in 
the  course  of  the  complete  rotation.  In  the  moister  forest- 
steppe  regions  an  erosion-resisting  soil  structure  can  be 
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maintained  by  adopting  a  four-course  rotation  including 
two  years  under  perennial  grasses  adequately  fertilized  to 
ensure  rapid  and  luxuriant  growth. 

The  effect  of  rotation  of  crops  on  checking  erosion  is 
of ten  out  of  ali  proportion  to  the  mean  eff  ect  of  the  sepa- 
rate crops.  Miller^  gives  the  foUowing  figures  showing  the 
average  annual  erosion  and  run-off  under  different  culti- 
vation. 

Table  I 

Average  of  14  years'  measurements  of  run-off  and  erosion, 
Missouri  Experiment  Station,  Columbia 

(Soil  type— Shelby  Loam.  Length  of  slope,  90.75  feet. 
Degree  of  slope,  3.68  per  cent) 


Cropping  system  or  cultural 
treatment 

Average  annual 
erosion  per 
acre  in  tons 

Percentage  of 

total  rainfall 

running  off 

the  land 

Bare,  cultivated,  no  crop 
Continuous  com  -        -        -        - 
Continuous  wheat        _        -        - 
Rotation— com,  wheat,  dover 
Continuous  bluegrass    -        -        - 

41.0 
19.7 
lO.I 

2-7 

0.3 

30 

29 

12 

The  mean  erosion  from  the  continuous  corn,  wheat  and 
bluegrass  plots  is  about  io  tons,  compared  with  2.7  tons 
from  the  rotated  plot.  Apart  from  the  longer  rime  the  soil 
is  covered  by  the  rotation,  Miller  ascribed  the  good  effect 
to  the  organic  matter  added  by  the  dover,  which  improves 
soil  structure  and  water-holding  capacity.  It  is  not  to  be 
expected  that  any  rotation  including  arable  crops  will  equal 
a  continuous  grass  cover  in  its  soil-protecting  influence,  but 
even  a  little  grass  or  dover  in  the  rotation  effects  a  big  sav- 
ing  of  soil  and  water.  The  science  of  soil-conserving  rota- 
tions  is  stili  in  its  inf  ancy  and  will  develop  rapidly  as  experi- 

^Cropping  Systems  in  relation  to  Erosion  Control,  by  M.  F.  Miller.  Missouri 
Agricultural  Experiment  Station,  Bulletin  366,  1936. 
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enee  accumulates  of  the  influence  of  different  crops  on 
soil  structure  and  biology. 

The  biological  control  of  erosion  by  crop  rotation  can 
be  reinforced  with  mechanical  control  by  adopting  a  sys- 
tem of  'strip-cropping'— i.e.  sowing  close-growing  and 
clean-tilled  crops  in  alternate,  narrow  strips  laid  out  across 
a  slope  on  contour  lines.  The  close-growing  crops  absorb 
ali  the  rain  that  falls  on  them  and  prevent  erosion,  and  at 
the  same  time  catch  any  soil  and  water  carried  down  from 
the  clean-tilled  strip  above.  The  close-crop  strips  act  in 
eifect  like  contour  terraces,  checking  the  velocity  of  run- 
off  water  from  the  clean-tilled  strips.  By  adopting  crop 
rotations  on  the  strips,  so  that  every  strip  is  sown  in  tum 
with  a  close-growing  crop  like  grass,  erosion  and  run-off 
can  be  reduced  to  a  minimum  and  a  stable  soil  structure  can 
be  built  up  and  maintained  over  the  entire  slope.  Strip- 
cropping,  by  forming  a  series  of  windbreaks,  is  equally 
effective  in  preventing  soil  drifting  on  level  plains.  It  is  one 
of  the  most  hopeful  new  developments  in  soil  conserva- 
tion.  In  1937  over  two  milUon  acres  were  'strip-cropped' 
against  erosion  in  the  United  States. 

Terracing,  guUy-damming  and  Usting;  regulated  forestry 
and  grazing,  revegetation,  selective  weeding,  cover  crop- 
ping,  mixed  farming  and  crop  rotations,  strip-cropping— 
these  are  the  basic  measures  now  being  adopted  and  de- 
veloped  to  conserve  eroding  soil.  The  first  three  are 
mechanical,  the  rest  are  mainly  biological,  in  operation.  By 
mechanical  means  men  attempt  to  mould  their  environ- 
ment  to  suit  their  requirements,  by  biological  means  they 
attempt  the  more  complex  and  more  fruitful  task  of  adapt- 
ing  their  requirements  to  the  unchangeable  features  of 
their  environment.  The  soil-conservation  movement, 
steadily  gathering  momentum  throughout  the  New  World, 
represents  an  early  stage  in  civilization's  adaptation  to  new 

IO.  India.  Abandoned  cultivated  land  ivhere  prevìously  there 
were  ivell-matted  (contour  rìdged)  fields.  See  pages  77-80. 
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environments.  The  conservation  measures  so  far  attempted 
are  notable  for  their  crudity  and  simplicity.  A  little  ele- 
mentary  instruction  enables  anybody  to  apply  them  to  his 
land;  but  when  everybody  ceases  to  be  an  exploiter  and 
becomes  a  conserver  of  soil,  the  foundations  of  a  society 
that  has  established  itself  on  exploitation  are  shaken.  The 
problem  of  soil  conservation  is  not  solved  merely  by  dis- 
covering  the  simple  practices  that  will  minimize  erosion; 
when  the  right  practices  bave  been  discovered,  or— more 
correctly— when  the  need  for  adopting  the  practices  has 
been  recognized,  the  great  task  is  to  procure  their  general 
application. 

The  adoption  of  soil-conservation  practices  as  the  basis 
of  land  utiUzation  is  a  trend  in  social  evolution  whose  di- 
rection can  be  guided  but  not  determined  by  organized, 
conscious  effort.  The  modem  soil-conservation  movement 
is  of  such  recent  date  that  most  countries  are  stili  at  the 
stage  where  their  main  concem  is  to  induce  individuai  to 
save  the  land  they  occupy.  The  next  stage,  when  the  inter- 
dependence  of  adjoining  bits  of  land  becomes  apparent,  is 
to  substitute  communal  for  individuai  soil  conservation.  To 
take  a  simple  instance,  the  security  of  every  part  of  a  bili 
slope  depends  upon  the  use  made  of  the  other  parts;  it  is 
useless  to  conserve  the  lower  parts  if  the  land  is  to  be  sub- 
merged  under  flood  and  soil  from  above,  or  to  conserve  the 
upper  parts  if  they  are  to  be  eaten  into  by  gullies  working 
their  way  up  from  below.  Where  a  river  has  run  amok  as  a 
result  of  erosion,  every  dweller  in  the  valley,  in  country 
and  town,  is  affected  by  the  use  made  of  the  land  which 
the  river  drains. 

A  human  community,  like  a  plant  community,  depends 
for  its  continued  existence  upon  a  sure  and  regulated  water 
supply.  The  flow  of  a  main  river,  along  whose  banks  great 
towns  are  built,  depends  upon  the  flow  of  its  tributaries, 

//.  India.  Fifty  feet  of  erosion  exposes  ancient  well  built  before 
Sikh  rule  by  Jasival  Rajahs.  See  pages  Jj-So. 
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whose  flow  in  turn  depends  upon  the  use  or  misuse  of  the 
forests  and  fields  which  feed  them.  Thus  regionally  organ- 
ized  soil  conservation  becomes  the  vital  concem  of  the 
whole  community  inhabiting  a  river  catchment  basin.  Since 
water  conservation  (in  semi-arid  regions)  is  very  closely 
related  to,  and  inseparable  from,  soil  conservation  a  river 
catchment  basin  comprising  a  complete  naturai  drainage 
system  is  the  ideal  regional  unit  for  conservation  work.  In 
practice,  an  entire  catchment  basin  is  seldom  a  feasible 
unit;  it  may  be  too  large  for  eff ective  control  of  land  utili- 
zation,  and  it  may  be  cut  into  by  politicai  frontiers  and 
economie  Knes  of  communication  which  have  no  relation  to 
geographical  boundaries.  The  artificial  nature  of  State  and 
county  boundaries  in  America  and  the  laws  which  have  to 
be  respected  regarding  them  are  as  serious  obstacles  to  the 
execution  of  a  scientifically  planned  scheme  of  regional 
conservation  as  is  the  inertia  of  farmers  or  the  distribution 
of  the  rainfall. 

Consequently  the  regional  soil-conservation  units  that 
are  evolving  in  the  United  States— the  only  country  yet 
where  conservation  has  become  a  community  concern— 
have  neither  politicai,  economie  nor  geographical  bound- 
aries. In  the  first  place,  their  boundaries  have  been  set  by 
expediency,  later  they  may  be  realigned  under  the  influ- 
ence  of  geographical  and  politicai  factors.  In  the  United 
States,  community  soil  conservation  has  reached  the  stage 
where  a  number  of  farmers  will  agree  among  themselves  to 
f oUow  a  definite  scheme  of  land  utilization  and  to  take  the 
necessary  precautions  on  their  own  land  to  secure  soil 
stability  throughout  their  district.  A  more  ambitious  com- 
munity conservation  project,  embracing  the  whole  catch- 
ment area  of  the  Tennessee  River,^  is  being  worked  with 
considerable  success  but  is  encoimtering  sufficient  politicai 
and  economie  difficulties  to  show  that  the  time  is  not  yet 
ripe  for  organizing  community  conservation  projects  ex- 
cept  in  localized  areas. 

*See  Chapter  XIX. 
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The  need  for  far-reaching  community  action  to  conserve 
the  land  is  most  apparent  when  floods  become  chronic  as  a 
result  of  widespread  erosion  in  a  catchment  area.  Then 
urban  dwellers  are  brought  face  to  face  with  erosion's  most 
spectacular  disaster,  when  the  accumulated  waste  of  water 
and  soil  from  distant  cultivated  fields  and  cut-over  forests 
threatens  their  lives,  property  and  livelihoods.  When  a 
densely  populated  city  is  threatened  by  flood  there  can  be 
no  question  of  whether  protection  should  be  undertaken 
by  separate  individuals  or  by  the  community,  but  the  pro- 
tective  dams,  levees  and  detention  basins  built  by  cities  or 
valley  communities  cannot  generally  be  classed  as  soil- 
conservation  works.  The  city  engineer,  engaged  on  flood 
protection,  is  not  directly  concemed  with  removing  the 
cause  of  the  flood;  his  object  is  to  regulate  the  volume  and 
flow  of  the  river  within  safe  bounds,  and  to  utilize  the 
water  to  the  greatest  advantage  of  the  city  he  serves. 

Every  community,  great  or  small,  in  a  valley  subject  to 
flooding  must  protect  itself.  The  measures  necessary  to 
save  one  community  frequently  react  harmfuUy  on  an- 
other.  The  only  way  to  avoid  siltation  is  to  keep  the  muddy 
waters  moving,  and  the  faster  they  move  the  less  silt  is  de- 
posited  and  the  more  it  is  coUected  by  the  river.  The  sim- 
plest  way  to  dispose  of  a  flood  wave  is  to  confine  it  to  the 
normal  river  channel  with  the  help  of  embankments  or 
levees  and  send  it  downstream  with  its  silt  load  and  destruc- 
tive  force  increased  by  its  greater  velocity.  Such  disposai 
is  clearly  impracticable  when  the  valley  downstream  is 
densely  populated.  It  thus  becomes  necessary  to  regard  the 
valley  as  an  indivisible  unit  and  to  dissipate  or  control  the 
flood  waters  and  silt  so  that  unavoidable  damage  is  fairly 
shared  by  the  whole  population.  When  it  is  remembered 
that  every  check  to  the  flood  stream  means  deposition  of 
silt,  and  every  deposition  of  silt  means  reduced  effìciency 
of  flood-control  structures  like  levees  and  reservoirs,  it  will 
be  realized  that  flood  control  by  engineering  tends  not  only 
to  become  more  complex  as  the  flood  plain  is  developed. 
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but  also  less  effective  the  more  control  is  applied.  The  ulti- 
mate and  permanent  control  of  floods  can  only  be  eff  ected 
in  the  forests  and  fields  where  they  originate.  The  cities  of 
the  plains  can  obtain  their  food  from  other  regions,  but 
their  water  comes  in  surfeit  or  sufficiency  according  to  the 
use  made  of  the  near  and  distant  hills  and  valley  slopes 
which  feed  their  particular  river  system.  Every  part  of  an 
eroded  catchment  area  has  a  vital  interest  in  what  is  being 
done  in  other  parts. 

It  is,  however,  not  often  necessary  to  administer  a  com- 
plete catchment  area  as  a  soil-conservation  unit;  stili  less 
often  is  it  possible.  Nowadays  politicai  and  administrative 
boundaries  are  often  fixed  without  regard  to  naturai  geo- 
graphical  features,  and  their  arbitrary  location  may  lead  to 
great  administrative  difficulties  when  the  need  arises  for  a 
common  policy  of  soil  conservation  throughout  a  geo- 
graphical  region.  The  catchment  areas  of  the  Mississippi 
and  Yellow  Rivers,  both  of  which  are  subject  to  frequent 
catastrophic  floods  in  their  valleys  as  a  consequence  of  ero- 
sion  around  their  headwaters,  are  outstanding  instances 
where  unified  flood  and  erosion  control  throughout  the 
catchment  areas  is  desirable,  but  the  administrative  diflìcul- 
ties  of  adequately  controlling  land  utilization  over  such  vast 
regions  make  any  considered  pian  impracticable.  The  most 
ambitious  scheme  yet  attempted  with  any  chance  of  suc- 
cess is  the  conservation  project  in  the  catchment  area  of  the 
Tennessee  River  (a  tributary  of  the  Ohio  River  in  the 
Mississippi  system) ,  but  even  there  the  difliculties  of  secur- 
ing  unified  control  of  land  utilization  in  seven  separate 
States  threaten  to  wreck  the  whole  scheme. 

The  development  of  regional  soil  conservation— i.e.  the 
organization  of  complete  naturai  regions  so  as  to  ensure  the 
lasting  stability  of  the  land— is  inevitable  where  erosion  is 
liable  to  occur,  but  development  must  be  a  graduai  process. 
Conservation  schemes  covering  small  districts  are  already 
in  operation  in  parts  of  the  United  States.  As  experience  of 
their  working  accumulates  they  will  be  modified  to  dove- 
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tail  into  other  district  schemes  until  they  merge  insensibly 
into  a  loose  regional  organization.  One  can  envisage  the 
slow  building  up  of  a  complex  society  based  upon  the 
naturai  interdependence  of  town  and  country,  and  of  the 
hills  and  valleys  and  plains  that  give  rise  to  a  great  river  and 
determine  its  flow.  In  regions  where  erosion  occurs  the 
water  supply  tends  to  be  irregular  or  deficient  and  erosion 
intensifies  its  irregularity.  The  existence  of  organized  so- 
ciety in  these  regions  depends,  before  anything  else,  upon 
the  flow  of  the  rivers,  which  is  determined  and  can  be  reg- 
ulated  by  the  use  made  of  the  land. 
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CHAPTER  IX 


The  Development  of  a  Conservation 
Agronomy 


Neiv  techntque  in  arable  cultivatton.  US. A.  taken  as  an  ex- 
ampie.  Planning  the  reorganization  of  a  farm.  Application 
of  ecologìcal  principles.  Relative  merits  of  crops,  grassland 
and  forests,  as  protective  canopy  or  cover.  Treatment  of 
land  according  to  degree  and  length  of  slope.  Slope  classes 
recognized  by  the  U.S.  Soil  Conservation  Service.  Conserva- 
tion agronomy.  Crop  rotation.  Contour  cultivation  and 
planting.  Strip-croppìng.  Rotation  betiveen  strips.  Terraces 
for  steeper  slopes.  The  modem  broad-base  ridge  terraces. 
Location  of  terraces.  The  Mangum  and  Nichols  terraces. 
Terrace  outlets.  The  adaptation  of  technique  to  other  coun- 
tries.  Plantation  crops.  Rubber  in  Malaya  and  Ceylon.  Coffee 
in  Java  and  Tanganyika.  Vegetable  cidtivation.  Orchards. 


Xhe  revolution  in  cultivation  technique  which  is  taking 
place  slowly  in  the  more  advanced  countries  affected  by 
erosion  involves  radicai  changes  in  the  selection  of  land  for 
different  types  of  cultures,  and  in  the  methods  of  cultiva- 
tion, sowing  and  arrangement  of  crops.  New  methods  are 
gradually  being  developed  for  the  treatment  of  arable  land, 
orchards,  plantation  crops,  vegetables,  pastures,  range  and 
forest,  and  for  the  special  problem  of  the  cultivation  of 
crops  under  semi-arid  conditions.  Pastures,  range,  forest 
and  semi-arid  lands  are  discussed  in  subsequent  chapters. 
Attention  will  now  be  devoted  to  arable  land  and  to  the 
other  special  types  of  cultures  mentioned  above. 
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As  the  United  States  is  one  of  the  most  advanced  coun- 
tries  in  the  development  of  a  conservation  agronomy,  we 
shall  devote  some  space  to  a  consideration  of  the  various 
agronomical  practices  which  are  being  recommended  by 
the  Soil  Conservation  Service,  and  which  are  being  gradu- 
ally  adopted  on  an  ever-increasing  scale  among  the  farm- 
ing  community,  particularly  on  the  soil  conservation 
demonstration  projects,  and  the  newly  constituted  districts. 
Many  of  the  conservation  practices  were  adopted  some 
years  ago  and  have  since  been  confìrmed  by  the  experi- 
ments  laid  down  on  the  Soil  Conservation  Experiment 
Stations;  others  have  been  changed  to  conform  with  the 
results  from  these  Stations. 

In  planning  the  reorganization  of  a  farm  with  the  object 
of  controlling  erosion  and  conserving  moisture,  a  number 
of  points  must  be  borne  in  mind.  These  may  be  classed  as 
(i)  physical  characteristics  of  the  land,  and  (2)  economie 
influences.  The  physical  points  include  steepness  and 
length  of  slopes,  degree  of  erosion,  erodibility  of  the  soil 
and  the  vegetative  cover.  The  economie  factors  include 
livestock  units,  feed  requirements,  crop  use,  marketability 
of  crops,  land  value  in  comparison  with  the  structural  costs 
of  control  measures,  and  the  permanency  of  the  measures 
recommended.  The  best  type  of  land-use  is  decided  upon 
by  ali  specialists  concerned,  such  as  agronomists,  foresters, 
engineers  and  conservationists.  The  farm  and  not  individuai 
fields  must  be  the  unit,  although  this  does  not  remove  the 
problems  arising  from  the  attempt  which  has  been  made  in 
the  United  States  to  fit  square  f  arming  into  a  round  country 
(see  Chapter  III). 

There  is  in  ali  countries  a  growing  tendency  to  adopt  the 
less  extreme  and  cheaper  methods  and  a  greater  realization 
of  the  amount  of  healing  which  Nature  herself  can  achieve 
if  allowed  to  act  without  interf erence  by  man  or  beast.  So 
many  of  the  erosion  losses  have  been  caused  through  mis- 
management  of  cultivated  land  and  overgrazing  of  grass- 
land  that  much  can  be  done  in  the  direction  of  conservation 
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by  the  adoption  of  more  reasonable  types  of  agriculture  in 
place  of  the  soil  'mining'  characteristic  of  the  pioneer  agri- 
culture  on  new  and  fertile  soils,  and  of  the  gross  overstock- 
ing  of  hitherto  untouched  grassland  areas.  There  are,  of 
course,  many  other  areas  where,  even  with  the  adoption  of 
good  cultural  practices,  the  unusual  climatic  or  soil  condi- 
tions  make  it  necessary  to  introduce  some  special  conserva- 
tion  practice  before  cropping  or  grazing  can  be  carried  on 
with  the  minimum  of  soil  loss  and  water  run-off . 

The  importance  of  the  application  of  ecological  prin- 
ciples  to  erosion  control  is  frequently  stressed.  In  this 
Vegetative  engineering'  or  'ecologica!  engineering',  the 
fundamental  considerations  are  the  restriction  of  cultiva- 
tion  to  fiat  or  vegetative  covers  managed  and  directed 
through  controlied  ecological  successions.  The  present 
problem  in  most  parts  of  the  world  affected  by  erosion  is 
to  adopt  emergency  steps  to  arrest  the  damage  caused  by 
the  accelerated  erosion,  but  the  final  aim  should  be  the 
elaboration  of  permanent  methods  of  erosion-control  agri- 
culture  and  ecological  engineering. 

Before  describing  the  methods  of  conservation  used  or 
recommended  for  cultivated  land  in  the  United  States  it  is 
necessary  to  discuss  the  relative  merits  of  diif  erent  crops, 
types  of  grassland  and  f orest  as  a  canopy  or  a  cover  to  pro- 
tect  the  soil  from  the  eroding  agents,  rain  and  wind. 

When  rain  falls  upon  a  forest,  the  force  of  the  drops 
f alling  from  the  leaves  is  broken  by  the  litter  on  the  forest 
floor,  which  prevents  the  raindrops  from  beating  soil  par- 
ticles  into  suspension,  thereby  clogging  the  pores  and  other 
openings  in  the  soil  and  reducing  or  preventing  percolation. 
The  water  that  is  permitted  to  enter  the  soil  in  a  normal 
forest  through  infiltration  replenishes  the  ground  water 
supply,  which  feeds  springs,  wells  and  streams.  Deforesta- 
tion  causes  a  reduction  in  infiltration  by  exposing  the  soil 
surface  to  the  impact  of  the  rain  and  ultimately  leads  to  a 
marked  fall  in  the  level  of  ground  water,  with  its  attendant 
dangers.  As  an  extreme  example  may  be  quoted  the  serious 
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reduction  in  the  base  level  of  the  Jumna  River  in  the 
United  Provinces  in  India,  where  flooding  and  scouring 
has  lowered  its  bed  at  Etawah  sìxty  feet  in  the  last  five 
centuries,  with  a  corresponding  fall  in  the  level  of  the 
springs  level.  The  cold-weather  level  of  the  river  is  often 
1 20-200  feet  below  the  snrrounding  country.  The  effect 
of  this  upon  the  ground-water  suppUes  is  obvious. 

Forest  soil  is  loose  and  open,  with  a  capacity  f  or  absorb- 
ing  and  holding  considerarle  amounts  of  water.  This  re- 
appears  gradually  as  springs  or  passes  directly  into  streams; 
in  this  way  forest  vegetation  reduces  the  peaks  of  high 
water  and  tends  to  maintain  the  flow  at  a  moderate  level 
between  the  periods  of  excessive  rainfall.  Any  water  that 
does  run  off  from  forest  areas  is  clear  and  carries  little  sedi- 
ment  to  increase  the  eroding  powers  of  the  water  or  to  be 
deposited  in  reservoirs. 

Pastures  and  meadows  bave  an  advantage  over  f  orests  in 
being  an  economie  proposition  which  can  be  recommended 
to  farmers  whose  cultivated  land  is  eroding  badly,  but  who 
may  not  be  able  to  aif  ord  to  retire  any  but  their  very  steep 
slopes  to  trees.  The  soil-conservation  qualities  of  a  pasture 
depend  upon  its  treatment  and  management.  A  sward  in 
good  condition,  well  manured  and  of  superior  botanical 
composition,  is  very  little  inf erior  to  forest  growth  in  con- 
trolling  soil  loss  and  run-off .  The  raindrops  are  again  pre- 
vented  from  beating  on  the  soil  surface,  the  leaves  lead  the 
water  into  the  absorptive  soil,  and  the  grass  roots  bind  the 
soil  in  such  a  way  that  the  excess  water  from  torrential 
downpours  flows  off,  carrying  little  sediment.  Rim-down 
pastures  and  range  lands,  composed  of  isolated  plants, 
stemmy  annual  grasses  and  weeds,  with  little  legume  con- 
tent  to  form  a  dose  bottom  to  the  sward,  are  inferior  for 
soil  and  water  conservation.  The  rain  beats  upon  the  bare 
spaces  between  the  plants,  seals  up  the  soil  pores  and  runs 
off,  carrying  with  it  some  soil  in  suspension.  As  the  process 
advances,  the  little  streams  passing  between  the  plants  ac- 
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quire  increased  volume  and  eroding  power,  thereby  initi- 
ating  rill  and  ultimately  gully  erosion. 

Little  inferior  to  grass  and  dover  swards  in  controlling 
excessive  soil  loss,  if  not  in  reducing  run-off ,  are  the  numer- 
ous  close-growing  crops  sown  on  cultivated  land.  These 
include  hay  grasses  grown  alone  or  in  combination  with  a 
dover;  also  lespedeza,  lucerne  or  alfalfa,  and  annual  hay 
crops,  cereals,  legumes  or  pulses. 

The  crops  which  permit  most  damage  from  erosion  are 
the  clean-cultivated  ones,  which  are  planted  wide  apart 
and  cleaned  from  weed  growth  at  regular  intervals  during 
the  year.  These  include  cotton,  maize  (corn),  tobacco, 
potatoes,  sorghums,  millets,  soy-beans  and  beans,  although 
some  are  fairly  erosion-resistant  when  sown  in  narrow 
drills.  The  chief  trouble  with  these  crops  is  that  they  are  in 
most  cases  those  which  bave  been  grown  under  continuous 
cropping  f or  periods  of  from  ten  to  fif ty  years,  without  the 
use  of  any  type  of  rotation  which  would  return  organic 
matter  or  grass  root  fibre  to  the  soil,  or  of  a  cover  crop  to 
protect  the  soil  during  the  criticai  periods  of  the  year, 
when  rains  or  winds  are  actively  operating  as  eroding 
factors. 

The  relation  of  degree  and  length  of  slope  must  receive 
consideration  when  decisions  are  being  made  regarding  the 
retirement  of  the  steeper  slopes  from  cultivation.  Although 
this  may  do  much  to  reduce  run-off  and  soil  wash  and  to 
control  floods,  it  frequently  happens  that  the  individuai 
farmer  is  not  in  a  sufficiently  strong  economie  position  to 
afford  to  retire  bis  steeper  lands  from  tillage  and  devote 

12.  Soil  types  illustratine  three  contrasting  types  of  soil  struc- 
ture.  12  2i.  An  acid,  coniferous-forest  soil  ivith  a  bleached,  almost 
structureless  layer,  shoiving  faint  lamination  to  the  left  of  the 
measuring  rad.  12  b.  A  neutral,  prairie  soil  ivith  a  ivell-developed 
granular  structure  imparting  an  excellent  tilth  to  the  soil.  12  e.  An 
alkali  soil,  formed  by  irrìgating  a  saline  soil,  and  shoiving  the 
characteristic  hard  columnar  blocks  and  an  ejjlorescence  of  salts 
ivashed  down  into  the  subsoil  from  the  surface.  See  pages  ^2-6. 
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them  to  less  remunerative  forest  or  grass  crops.  To  meet 
this  problem  a  special  line  of  research  is  being  developed  in 
the  United  States,  based  upon  the  system  of  Bergcultuur 
developed  in  the  Netherlands  East  Indies.  This  *hill  culture' 
research  in  the  United  States  aims  at  the  production  of 
speciality  products  from  superior  selections  of  trees,  shrubs 
and  herbaceous  plants,  thereby  providing  the  farmer  with 
an  economie  return  from  land  which  he  is  obliged  to  retire 
to  woodland  (see  Chapter  XII) .  An  important  f unction  of 
farm  woodlands  from  the  conservationist's  point  of  view 
is  that  they  provide  cover  for  the  wild-life  'crop\  which 
should  be  encouraged  wherever  possible. 

The  U.S.  Soil  Conservation  Service  classifies  slopes  on 
the  basis  of  their  optimum  utilization  in  a  comprehensive 
erosion-control  pian.  Obviously,  on  this  basis,  the  determi- 
nation  of  slope-class  requires  consideration  of  the  general 
nature  of  the  region.  The  gradient  range  within  any  one 
class  may  vary  considerably  from  region  to  region.  Four 
classes  are  distinguished: 

Class  A.  Slopes  requiring  no  particular  erosion-control 

measures,  other  than  proper  crop  rotation. 
Class  B.  Require    erosion    control    when    clean-tiUed 

crops  are  included  in  the  rotation. 
Class  C.  Unsuitable    for    clean-tiUed    crops;    recom- 

mended  for  pasture,  hay,  or  other  close-growing 

crops. 
Class  D.  Should  be  left  or  put  under  forest  or  pasture, 

depending  on  the  originai  vegetation. 

Thus,  the  steepest  slopes  on  the  farm  are  planted  to  trees. 
The  Soil  Conservation  Service  then  recommends  that  the 
slopes  in  the  next  grade  of  steepness  should  be  retired  to 
permanent  pasture,  with  f  ertility  treatment  to  promote  the 
development  of  a  superior  vegetative  cover  and  controlied 
grazing  to  maintain  a  dose  erosion-resistant  type  of  sward. 
It  can  then  be  decided  how  the  cultivated  land  on  the  farm 
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may  be  used  to  the  best  advantage,  both  as  regards  eco- 
nomie return  and  erosion  control. 

As  this  new  distribution  of  woodland,  pasture  and  culti- 
vated  land  is  arranged  according  to  the  contour  of  the  land, 
the  old  square  field  system  of  f  arming  the  curves  and  slopes 
of  the  farm  has  to  be  abandoned.  Hedgerows,  fences  and 
other  field  divisions  running  up  and  down  the  slope  are  re- 
moved,  as  they  tend  to  favour  the  flow  of  eroding  waters 
in  a  certain  direction;  their  remo  vai  further  facilitates  cul- 
tivation  of  the  slopes  on  the  contour.  It  is  thus  probable 
that  a  great  change  will  gradually  take  place  in  the  appear- 
ance  of  the  landscape  in  the  United  States  and  other  coun- 
tries  where  erosion  control  is  to  become  a  primary  concem 
of  the  f armer. 

The  agronomical  methods  of  value  in  the  conservation 
of  soil  and  water  include  rotation  of  crops,  green  manur- 
ing,  contour  cultivation  and  planting,  strip-cropping  and 
terracing,  combined  with  such  methods  of  water  conserva- 
don,  water  spreading  and  guUy  control  as  locai  conditions 
may  require.  Provided  that  the  above-mentioned  distribu- 
tion of  woodland,  pasture  and  cultivated  land  has  been 
adopted,  crop  rotation  and  contour  farming  may  provide 
sufficient  control.  Where  steeper  slopes  bave  to  be  culti- 
vated, the  crops  of  the  locality  in  question  are  rotated  in 
strips,  and  where  particular  difficulty  is  experienced  in 
guiding  excess  water  oif  the  land,  terraces  are  constructed. 

The  absence  of  crop  rotation  has  been  a  characteristic 
feature  of  the  agricultural  systems  adopted  in  many  areas 
where  virgin  soils  bave  been  broken  up  f  or  the  first  time, 
particularly  in  the  United  States.  These  soils  continued  to 
give  good  yields  for  many  years  under  continuous  crop- 
ping,  according  to  the  amount  of  fertility  stored  in  them. 
But  the  fertility  must  inevitably  fall,  the  soil  crumb  struc- 
ture  breaks  down,  the  grass  fibre  disappears  and  the  soil  is 
at  the  mercy  of  the  elements.  With  continuous  as  distinct 
from  shifting  cultivation  a  rotation  of  crops  must  be  intro- 
duced  wherever  possible,  utilizing  the  staple  crop  of  the 
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region  in  rotation  with  a  grass  or  leguminous  crop,  with 
possibly  a  cercai  as  a  third  constituent.  The  types  of  rota- 
tion vary  widely;  for  example,  in  the  United  States,  the 
principle  of  the  alternation  of  intertìUed  and  grass  or  le- 
guminous crops  with  small  grains  (cereals)  is  varied  for 
diff erent  humid  parts  of  the  country.  In  New  England,  hay 
and  pasture  must  necessarily  occupy  most  of  the  years  of 
the  rotation;  in  the  Com  Belt,  two  and  possibly  three  crops 
of  corn  can  be  grown  in  succession  on  many  farms,  in  ro- 
tation with  dover  and  small  grains;  in  the  south,  cotton, 
com  and  legumes  constitute  the  major  crops  of  the  rota- 
tion, especially  in  the  southern  portion  of  the  Cotton  Belt. 
Special  rotations  are  also  being  adopted  in  the  wind-erosion 
areas  of  U.S.A  and  Canada,  a  grass  crop  sometimes  being 
introduced  at  suitable  intervak  in  order  to  improve  the 
resistance  of  the  soils  to  wind  action. 

Contour  cultivation  and  planting  and  strip-cropping  are 
rapidly  developing  as  characteristics  of  conservation 
agronomy  in  ali  parts  of  the  world.  The  old  system  of 
ploughing,  planting  and  cultivating  crops  in  straight  rows 
regardless  of  the  slope  of  the  land  is  being  replaced  by  strict 
adherence  to  the  contour  lines  marked.  out  accurately  on 
the  slope  by  an  engineer.  Thus  an  opportunity  is  no  longer 
afforded  to  the  excess  water  to  flow  rapidly  down  the 
plough  f urrows,  or  between  the  rows  of  the  standing  crop, 
taking  with  it  valuable  topsoil  and  f  orming  rills  and  incipi- 
ent  gullies.  It  is  found  that  contour  cultivation  actually 
facihtates  farm  operations,  particularly  if  transverse  fences 
and  other  obstructions  are  removed. 

It  is  a  naturai  step  from  cultivation  on  the  contour  to 
rotation  on  the  contour,  i.e.  strip-cropping.  This  method 
can  be  adopted  alone  when  hillsides  are  not  so  steep  as  to 
require  the  construction  of  terraces;  it  relies  for  its  effect 
upon  the  utilization  of  the  land  for  that  type  of  vegetation 
to  which  it  is  best  adapted  from  the  point  of  view  of  soil 
and  water  conservation.  It  has  been  used  to  protect  large 
fields  with  long  slopes  which  have  been  ploughed  and  culti- 
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vated  as  a  unit,  leaving  the  entire  area  exposed  to  erosioni. 
The  greatest  loss  occurs  when  the  ground  is  bare  of  vegeta- 
tion.  Harmless  run-off  from  the  tops  of  the  slopes  has  the 
opportunity  to  accumulate  momentum,  volume  and  soil 
load  until  it  becomes  destructive  as  it  approaches  the  foot 
of  the  slope.  A  strip-cropping  system  on  the  contour  breaks 
up  the  length  of  these  slopes  and  provides  partial  protection 
f or  the  area  at  ali  times  of  the  year. 

Three  chief  types  of  strip-cropping  are  used  in  the 
United  States. 

Contour  strip-cropping  is  the  production  of  farm  crops 
in  long  strips  of  variable  widths  on  which  dense  erosion- 
control  crops  alternate  with  clean-cultivated  or  erosion- 
permitting  crops,  placed  across  the  line  of  slope  approxi- 
mately  on  the  contour  (Fig.  1 6) .  It  may  be  impossible  to 
have  parallel  strips  with  ali  the  rows  of  a  given  strip  exactly 
on  the  level  or  true  contour  because  of  variations  in  the 
slope  of  the  land;  it  is,  however,  sometimes  permissible  to 
deviate  to  some  extent  in  order  to  have  cultivated  rows  of 
unif orm  length  and  to  avoid  point  rows. 

Field  strip-cropping  is  the  production  of  regular  farm 
crops  in  more  or  less  uniform  parallel  strips  laid  out  across 
the  general  slope  but  not  on  the  true  contour  (Fig.  17). 
This  modified  form  of  contour  strip-cropping  is  applicable 
to  uniform,  graduai  slopes  on  soils  resistant  to  erosion.  It 
is  a  simple  method  which  may  frequently  be  used  in  con- 
nexion  with  grassed  waterways,  where  the  true  contour 
cannot  easily  be  followed. 

Wind  strip-cropping  is  the  production  of  crops  in  long, 
relatively  narrow,  straight,  parallel  strips  placed  across  the 
direction  of  the  prevailmg  wind  without  regard  to  the  con- 


13.  Tivo  stages  in  the  erosion  of  the  soil  type  illustrateci  in 
Fig.  12  b.  Note  the  poor  structure  of  the  half-eroded  compared 
with  that  of  the  uneroded  soil  (/2  b),  and  the  increasing  poverty 
of  the  vegetationy  as  erosion  progresses.  In  the  loiver  picture,  the 
entire  topsoil  has  been  ivashed  aivay. 
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tour  of  the  land.  This  type  is  ejffective  in  preventing  wind 
erosion  but  may  be  of  little  value  in  conserving  water,  un- 
less  combined  with  other  special  measures  (see  Chapter 
XIIIandFig.  27Z;). 

In  the  cuìtivation  of  land  under  the  strip-cropping  sys- 
tem, the  plough  furrows  and  later  the  harrow  grooves, 
carried  round  a  slope  approximately  on  the  level,  tend  to 
obstruct  the  free  flow  of  water  down  a  slope.  The  rows  of 
cultivated  crops  and  the  furrows  made  by  the  cultivator 
serve  as  checks  during  the  growing  season;  the  lower 
border  of  the  strip  becomes  slightly  ridged  to  serve  as  a 
final  obstruction  to  the  flow  of  water  to  the  next  strip 
below. 

In  the  United  States,  strip-cropping,  combined  with 
contour  cuìtivation  and  terracing  where  necessary,  has  been 
prove  d  to  be  very  economical  and  eifective,  and  the  most 
practical  method  of  controlUng  erosion  and  conserving  soil 
and  water  on  cultivated  land.  Its  increasirig  adoption 
throughout  the  country  is  doing  much  to  counteract  the 
eifects  of  the  originai  rectangular  lay-out  of  lands,  a  sys- 
tem which  tried  'to  fit  square  farming  to  a  round  country'. 
The  past  and  present  pride  of  the  ploughman  and  f  armer  in 
their  straight  rows  in  rectangular  fields,  based  upon  tradi- 
tion  and  teaching,  will  have  to  be  gradually  changed  in 
those  countries  affected  by  the  erosion  problem,  and  first 
place  given  to  the  man  who  can  f oUow  a  contour  line  with 
absolute  accuracy. 

In  addition  to  its  influence  in  checking  the  movement  of 
rain-water,  strip-cropping  also  filters  out  the  soil  being 
carried  off  and  increases  the  absorption  of  rain-water  by 
the  soil.  The  innumerable  obstructions  off ered  in  the  alter- 

14  a.  Broad-base  terraces  on  4  to  "j  per  cent  slope.  These  ter- 
races  held  over  five  inches  of  rain  jalling  over  a  period  of  a  iveek 
but  only  a  small  percentage  of  the  land  gained  any  benefit  from 
it.  Terraces  did,  however,  prevent  the  eiilarging  of  gullies  ivhich 
had  started  previous  to  the  terracing.  See  page  104.  /^b.  Bench 
terraces  in  the  Colca  Valley,  Perù.  See  page  104. 
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nate  strips  slow  down  the  rapid  flow  of  water,  permitting 
it  to  soak  into  the  soil,  and,  by  spreading  the  water,  prevent 
it  from  concentrating  in  low  areas  and  guUies.  The  fìlter 
action  of  the  control  strip  is  very  important. 

Another  advantage  of  strip-cropping  is  that  it  necessarily 
encourages  rotation  f arming,  so  essential  in  any  system  of 
conservation  agriculture.  The  type  of  rotation  used  de- 
pends  upon  the  locality  and  upon  the  facts  ahready  stated 
in  this  chapter  regarding  the  relative  merits  of  different 
crops  in  preventing  erosion.  The  adoption  of  strip-crop- 
ping will  necessarily  tend  towards  an  increase  of  mixed 
farming;  its  introduction  will  he  most  difficult  in  areas 
where  only  a  limited  number  of  crops  is  now  produced, 
e.g.  in  the  single-crop  sections  of  the  United  States.  An 
ideal  rotation  would  permit  the  cultivated  crops  to  follow 
the  sod  or  hay  crops  and  the  small  grains  (cereals)  to  fol- 
low the  cultivated  crops. 

Soil  fertility  and  organic  content  under  humid  condi- 
tions  are  materially  increased  by  ploughing  under  a  good 
sod  or  legume  before  planting  the  land  to  a  cultivated  crop. 
Lucerne,  sweet  dover,  red,  alsike  and  crimson  dover, 
vetches  and  peas  may  ali  be  used  successfuUy  in  the  con- 
tour strip-crop  rotation;  legumes  such  as  soy-beans  and 
cowpeas,  however,  should  not  be  classed  in  the  erosion- 
resistant  list.  Although  excellent  as  green  manure,  the  mel- 
lowing  and  loosening  effect  they  bave  on  the  soil  renders 
them  almost  useless  as  erosion-preventing  crops.  In  less 
humid  conditions  where  the  above  legumes  cannot  be 
grown  successfuUy,  crops  such  as  Sudan  grass,  the  stooling 
varieties  of  grain  sorghums,  millet  and  winter  cereals  can  be 
substituted.  Practically  ali  the  winter  grain  crops  (rye,  oats, 
wheat,  barley)  and  mixtures  of  rye  and  vetches  or  Italian 
ryegrass  and  crimson  dover  prevent  erosion  as  soon  as  they 
establish  a  ground  cover  and  can  be  used  eifectively  on  the 
control  strips.  Spring-sown  cereals  are  less  suitable,  as  large 
areas  or  doublé  strips  are  left  unprotected  at  one  time. 

The  crop  sequence  within  and  between  the  strips  is  an 
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important  consideration  in  this  type  of  cultivation.  Culti- 
vated  crop  strips  must  not  be  ad j acent,  nor  should  any 
ad)  acent  strips  have  the  same  planting  or  harvesting  dates. 
If  possible,  a  cuMvated  row-crop  strip  should  be  bounded 
above  and  below  by  a  hay  strip,  but  as  a  hay  surplus  would 
thus  be  produced,  a  cereal  strip  is  frequently  introduced  in 
place  of  one  of  these  hay  strips. 

Where  fields  are  broken  by  criticai  slopes  of  15  to  20 
per  cent  or  more,  strip-cropping,  even  in  combination  with 
other  conservation  measures  such  as  terracing,  has  to  be  re- 
placed  by  special  types  of  perennial  vegetation.  These 
should  be  perennial  forage  crops  rather  than  trees,  to  pro- 
vide protection  throughout  the  year  at  points  in  the  field 
where  erosion  is  most  criticai;  they  may  be  used  as  hay 
meadows  when  the  forage  crop  becomes  established.  As  it 
is  impossible  effectively  to  control  erosion  on  these  slopes 
with  row-crop  f arming,  this  permanent  vegetative  cover  is 
essential  in  erosion  areas  if  the  control  measures  in  the  re- 
mainder of  the  field  are  not  to  be  rendered  useless. 

Where  contour  farming  and  strip-cropping  have  failed 
to  give  the  necessary  degree  of  conservation  of  soil  and 
water,  a  system  of  terracing  may  have  to  be  employed  to 
deal  with  the  excessive  amounts  of  water  falling  on  and 
flowing  down  a  particular  field.  The  common  types  of 
modem  terraces  are  merely  earth  ridges  or  embankments 
constructed  across  the  slope  of  a  field,  behind  which  is  a 
broad  ditch  designed  to  collect  the  water  from  the  slopes 
above,  to  hold  this  water  until  some  has  soaked  into  the 
ground  and  to  conduct  the  excess  away  slowly  and  care- 
fully  without  damaffing  the  land  below. 

The  modem  broad-base  ridge  terrace  does  not  com- 
pletely  stop  the  movement  of  the  soil,  as  there  is  consider- 
able  movement  downhill  between  terraces.  By  reducing 
the  speed  of  the  run-off  water,  however,  the  terrace  chan- 
nels  cause  the  water  to  deposit  at  least  part  of  its  load  of 
soil  particles;  although  the  movement  may  not  be  stopped 
entirely,  most  of  the  soil  remains  in  the  field. 
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Terracing  alone  does  not  protect  a  field  against  erosion, 
but  if  employed  as  part  of  a  complete  scheme  of  soil  con- 
servation  with  contour  cultivation,  strip-cropping,  rota- 
tions,  etc,  it  makes  soil  building  possible  at  a  rate  which 
approaches  the  rate  of  soil  loss.  It  is  possible  to  crop  the 
tenace  channels,  which  are  maintained  by  regular  plough- 
ing.  Terraces  do  not  hinder  the  usuai  farm  practices  and 
actually  facilitate  the  arrangement  of  fields  for  strip-crop- 
ping  and  contour  cultivation. 

The  first  terrace  is  place  d  near  the  crest  of  the  slope  to 
be  treated  to  prevent  the  initiation  of  erosion,  and  the  re- 
mainder suitably  spaced  on  the  hillside  below  to  serve  the 
same  purpose.  Some  terraces  are  level  longitudinally,  but 
the  general  practice  is  to  allow  a  gentle  and  possibly  a 
variable  gradient  to  ensure  that  the  excessive  rainfalls  shall 
flow  slowly  to  a  suitable  outlet  at  the  end  of  the  terrace, 
and  not  over  the  crest  of  the  terrace  to  the  land  below.  The 
separate  terraces  are  spaced  as  wide  apart  as  possible,  hear- 
ing in  mind  the  erosion-resisting  capacities  of  the  soil  and 
slope.  Wide  spacing  requires  larger  capacity  in  the  terrace 
channel,  while  good  cultural  practices  will  reduce  to  a 
minimum  the  amount  of  run-oif  from  catchment  area 
under  an  excessive  rainfall. 

There  are  several  different  types  of  broad-base  terrace, 
of  which  the  best-known  are  the  Mangum  terrace,  named 
after  its  originator,  P.  H.  Mangum  of  North  Carolina,  and 
the  more  recent  Nichols  improved  terrace,  developed  by 
M.  L.  Nichols,  regional  engineer  of  the  U.S.  Soil  Conser- 
vation  Service,  and  now  being  widely  used  in  the  United 
States  (Figs.  i6  b  and  i8).  The  latter  type  of  terrace  is  a 
shallow  waterway  which  is  built  entirely  from  the  upper 
side,  i.e.  the  soil  is  moved  only  downhill;  the  terrace  has  a 
shallow  broad  channel  cut  down  into  the  soil  or  into  the 
subsoil  below  the  naturai  level  of  the  field.  No  eifort  is 
made  to  maintain  a  distinct  terrace  ridge,  as  this  is  blended 
into  the  slope  after  the  field  is  worked.  The  Nichols  terrace 
cannot  be  used  successfully  on  slopes  greater  than  12  to  15 
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per  cent  in  the  south-eastem  United  States,  while  on  cer- 
tain  soils  it  is  eif ective  only  on  less  than  1 2  per  cent  slopes. 
In  deciding  whether  a  slope  is  too  steep  to  be  terraced,  it  is 
necessary  to  consider  the  cropping  system,  the  soil  type, 
the  skill  of  construction  and  the  care  in  maintenance. 

Dr.  Quincy  C.  Ayres,  in  his  hook  Soil  Erosion  and  ìts 
Control,  gives  a  comprehensive  description  of  tenace  de- 
sign and  location,  construction  methods,  machinery,  costs 
and  maintenance,  but  concludes  that  'nothing  is  more  vital 
to  the  success  of  a  system  of  terraces  than  good  dependable 
outlets,  and  strangely  enough,  nothing  seems  to  bave  been 
more  neglected.  .  .  .  The  selection,  preparation  and  main- 
tenance of  outlets  in  erosion-proof  conditions  are  indeed 
problems  of  prime  importance;  and  no  part  of  the  terracing 
program  is  more  subject  to  locai  variation.'  The  stream  of 
water  flowing  along  the  base  of  the  terrace  is  a  potential 
eroding  factor  when  it  reaches  the  end  of  its  controlied 
movement  in  the  terrace  and  great  care  must  be  taken  to 
ensure  that  it  is  properly  disposed  of  without  causing  dam- 
age  to  ad) acent,  possibly  neighbours',  land.  This  may  be 
done  by  conducting  it  into  an  ad j  acent  area  of  woodland  or 
partially  grazed  pasture,  or  into  specially  constructed  out- 
lets depending  upon  vegetative  (grass  and  dover  mixtures) 
or  mechanical  means  for  their  control  of  erosion.  Particular 
care  must  be  taken  properly  to  ad  just  the  velocity  of  the 
flow  of  water. 

This  represents  a  rough  outline  of  the  general  technique 
which  has  to  be  considered  in  framing  a  system  of  conser- 
vation  agriculture  for  the  principal  cultivated  crops  in  the 
United  States.  Provided  that  they  are  grown  on  the  more 
gentle  slopes,  and  that  the  steeper  slopes  are  safely  con- 
served  by  permanent  vegetation  such  as  woodland  and 
pasture,  it  is  probable  that  soil  loss  and  water  run-oif  will 
be  reduced  to  a  minimum  by  the  adoption  of  the  special 
methods  of  agronomie  conservation.  In  the  great  majority 
of  cases  the  simpler  methods  of  contour  cultivation,  crop 
rotation  and  strip-cropping  will  give  the  necessary  protec- 
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tion;  where  these  fall,  terracing  will  have  to  be  added  to 
the  programme.  The  simpler  methods  can  be  adopted  by  ali 
farmers  irrespective  of  their  economie  position;  terracing 
requires  special  equipment  which  is  not  available  to  ali, 
except  on  a  co-operative  basis. 

It  is  probable  that  similar  techniques  with  locai  variations 
will  gradually  come  to  be  adopted  in  the  other  countries 
affected  by  erosion.  For  example,  the  more  advanced  farm- 
ers in  South  Africa  are  using  contour  cultivation,  strip- 
cropping  and  terraces.  The  problem  of  improving  the  or- 
ganic  matter  content  of  the  soil  and  the  general  soil  fer- 
tility  is  also  receiving  attention.  Further  north,  in  East  and 
West  Africa,  cultivation  technique  is  less  advanced,  the 
authorities  being  more  concemed  with  the  introduction  of 
mixed  and  settled  farming  in  place  of  the  shifting  cultiva- 
tion which  has  had  such  a  disastrous  effect  on  the  soil  fer- 
tility.  In  Kenya,  a  certain  amount  of  construction  of  stone 
terraces  has  been  done  by  the  natives,  in  order  to  protect 
the  small  plots  of  cultivated  sloping  land.  The  use  of  broad- 
base  terraces  is  also  recommended,  but  the  cost  of  construc- 
tion makes  them  uneconomic  for  any  but  European-owned 
land. 

The  f oregoing  paragraphs  have  described  the  changes  in 
technique  which  are  taking  place  in  the  cultivation  of  the 
more  common  arable  crops,  e.g.  cereals,  maize,  sorghums 
and  rotated  crops.  Similar  developments  are  also  occurring 
in  the  cultivation  of  specialized  crops,  e.g.  plantation  crops, 
orchards  and  vegetables. 

The  type  of  cultivation  which  is  being  used  for  certain 
plantation  crops,  such  as  rubber  and  tea,  has  already  been 
mentioned  in  the  preceding  chapter.  The  rubber  estates  in 
Malaya  are  tending  to  adopt  the  'f orestry'  system  of  culti- 
vation for  rubber,  the  aim  of  which  is  to  establish  and  main- 
tain  a  cover  of  desirable  types  of  indigenous  plants,  the  less 
desirable  growths  being  gradually  eliminated.  Desirable 
types  include  erect  shade-tolerant  species  with  large  succu- 
lent  leaves  and  deep  rooting  habit,  while  the  undesirable 
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are  varieties  with  leaves  and  stems  which  are  resistant  to  de- 
composition.  The  usuai  method  of  control  is  to  slash  the 
plants  when  they  reach  a  height  of  about  five  feet  and  to 
remove  those  which  have  become  too  weedy  by  cutting  the 
stems  just  below  ground  level.  Although  this  system  would 
appear  to  be  successful  in  Malaya,  doubts  have  been  ex- 
pressed  regarding  its  application  in  Ceylon.  The  Rubber 
Research  Scheme  (Ceylon)  is  therefore  recommending 
that  locai  estates  should  endeavour  to  establish  leguminous 
ground  covers,  in  the  meantime  retaining  naturally  occur- 
ring  plants  of  a  desirable  type,  including  rubber  seedlings 
up  to  a  height  of  6-8  feet. 

The  only  steps  which  can  be  taken  in  Ceylon  with  regard 
to  earthworks  in  mature  rubber  plantations  are  the  im- 
provement  of  existing  drainage  systems  with  a  view  to  re- 
taining a  maximum  proportion  of  the  rainfall  on  the  land 
and  ensuring  that  the  surplus  water  flows  away  with  a 
minimum  erosive  action.  In  modem  practice  side  drains 
are  cut  on  the  contour  and  consist  of  a  series  of  silt  pits 
connected  by  shallow  channels  and  overflowing  into  the 
leader  drains.  In  preventing  soil  erosion  in  new  clearings  or 
replanted  areas,  the  construction  of  earthworks  precedes 
the  establishment  of  a  ground  cover.  When  it  has  been  de- 
cided  whether  it  is  desirable  to  prevent  run-off  of  rain- 
water  from  the  land,  a  decision  which  depends  upon  the 
rainfall,  the  construction  of  the  two  usuai  forms  of  earth- 
works f or  retaining  the  rainfall,  namely,  contour  platf orms 
and  contour  trenches,  can  be  carried  out.  When  it  is  desired 
to  retain  only  a  proportion  of  the  rainfall,  planting  can  be 
done  on  the  contour  with  level  silt  pitted  drains. 

The  great  care  which  is  given  to  the  terracing  and 
preparation  of  the  land  prior  to  planting  coffee  in  Java  is 
shown  by  Figs.  19  a  and  b.  The  planting  requirements  for 
the  foUowing  year  are  prepared  in  good  time.  The  land  is 
cleaned  and  dug  and,  without  exception,  some  suitable 
method  is  used  to  prevent  soil  erosion,  the  method  varying 
according  to  circumstances.  The  cost  of  preparing  the  land 
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from  clearing  to  planting  is  stated  to  be  about  óys.  per  acre 
(with  cheap  labour)  ;  the  figures  for  land  which  does  not 
require  such  expensive  terracing  are  very  much  lower. 
When  once  established,  the  cost  of  upkeep  is  negligible. 
There  is  stili  some  doubt  regarding  the  use  of  cover  crops. 
Selective  weeding  is  practised  on  a  fairly  large  scale,  in- 
digenous  weeds  being  preferred  to  introduced  leguminous 
crops. 

Erosion  has  caused  serious  damage  in  Arabica  coffee 
plantations  in  Tanganyika.  In  some  cases  it  has  become 
necessary  to  replant  if  any  financial  return  is  to  be  obtained. 
It  is  recommended  that  contour  lines  (trenches,  hedges, 
weeds,  etc.)  should  be  arranged  at  frequent  intervals  rather 
than  imposing  works  at  wide  distances  apart  down  the 
slopes.  It  is  advised  that  six-yard  horizontal  intervals  be  al- 
lowed  between  the  trenches  on  a  gentle  slope  and  a  vertical 
distance  of  four  feet  between  the  trenches  on  a  steep  slope. 
The  conclusion  drawn  at  the  Coffee  Research  Station, 
Lyamungo,  Moshi,  is  that  contour  ridging  is  the  cheapest 
effective  method  in  coffee  plantations;  terracing  appears  to 
be  unnecessary  on  a  i  in  6  slope  and  box  ridging  has  no 
particular  advantages.  Banana  mulching  is  as  effective  as 
any  measure  and  also  conserves  moisture;  further  experi- 
ments  are  in  progress  with  this  method,  which  is  a  simple 
native  practice. 

These  examples  will  serve  to  show  the  types  of  measures 
which  are  being  adopted  under  the  conditions  of  plantation 
agriculture.  Other  crops  which  are  receiving  similar  atten- 
tion  include  cotton,  cocoa,  tobacco,  bananas,  tung  oil  and 
ali  the  miscellaneous  crops  of  tropical  countries.  The  prob- 
lem  of  the  conservative  cultivation  of  one  or  other  of  these 
crops  arises  in  ali  parts  of  Africa,  the  East  and  West  Indies, 
India,  Ceylon  and  the  Far  East,  and  North  and  South 
America.  Each  country  will  tend  to  develop  a  type  of 
agronomy  suited  to  locai  conditions  of  soil,  climate  and  the 
economie  position  of  the  agriculturists. 

For  vegetable  cultivation,  strip-cropping  with  or  with- 
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out  terracing  is  a  practical  method  of  control,  but  various 
adaptations  are  necessary  to  conform  with  the  conditions 
imposed  by  an  intensive  cropping  pian.  The  most  common 
method  involves  the  laying  of  contour  lines  with  parallel 
cultivated  strips  50  to  100  feet  wide,  depending  on  the 
slope.  Contour  Unes  are  laid  out  with  a  maximum  deviation 
of  one-half  of  one  per  cent.  Below  this  cultivated  strip 
another  contour  line  is  run,  but  allowance  is  made  for  at 
least  a  24  foot  width  at  the  narro  west  point  between  the 
lower  contour  line  and  the  last  row  of  cultivated  strip 
above.  This  leaves  an  irregular  or  compensating  area  be- 
tween each  cultivated  strip  and  the  next  contour.  Gener- 
ally  this  area  is  sown  to  cereal  or  permanent  hay.  By 
reversing  the  area  in  cultivation  and  laying  out  the  rows 
parallel  to  the  lower  contour,  advantage  is  taken  of  the 
organic  matter  developed  through  the  grass  residues.  The 
use  of  broad-base  terraces  has  proved  to  be  a  practical  and 
effective  method  of  erosion  control  on  vegetable  farms  on 
the  Atlantic  seaboard  of  the  United  States.  Successful  re- 
sults  have  also  been  obtained  in  the  introduction  of  terrace- 
garden  cultivation  among  native  tribes  in  Africa;  for 
example  in  Basutoland,  where  some  hundreds  of  native 
gardens  have  been  laid  out  on  the  terrace  principle  as  the 
result  of  advice  from  the  locai  authorities. 

Years  ago  the  absence  of  an  under-storey  of  vegetation 
in  orchards  of  apples  or  peaches  was  regarded  as  indicating 
superior  farming.  This  clean  cultivation  and  the  depletion 
of  organic  matter  in  the  soil,  together  with  the  fact  that 
orchards  are  frequently  on  sloping  land,  account  for  much 
of  the  erosion  which  has  occurred.  In  more  recent  years 
the  clean  cultivation  of  apples  has  been  discouraged  in  the 
United  States.  Although  it  is  now  usuai  to  cultivate  peaches 
in  both  directions  during  the  growing  season,  cover  crops 
remain  on  the  land  for  the  remainder  of  the  year.  The  Soil 
Conservation  Service  recommends  that,  if  cultivation  in 
both  directions  is  necessary,  the  first  is  done  up  and  down 
the  slope  and  the  second  and  last  across  the  slope.  Tempo- 
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rary  cover  crops,  such  as  wheat,  rye  and  a  mixture  of  vetch 
and  crimson  dover,  are  generally  used  in  peach  orchards, 
but  there  has  been  a  distinct  trend  towards  the  use  of  a 
permanent  cover  crop  such  as  alfalfa  or  sweet  dover  with 
grasses  in  the  appiè  orchards.  These  crops  are  cut  when  it 
appears  that  they  are  beginning  to  deprive  the  trees  of  mois- 
ture.  A  method  which  may  be  considered  as  a  compromise 
between  clean  cultivation  and  a  permanent  cover  is  that  in 
which  the  alternate  middles  are  placed  under  a  legume- 
grass  cover. 

When  it  is  impossible  to  secure  an  adequate  growth  of  a 
cover  crop  or  to  use  contour  methods  for  erosion  control, 
mulching  offers  the  best  substitute.  Mulching  of  even  half 
the  area  has  been  f ound  to  be  sufficient  for  erosion  control. 
The  cost  of  mulching  material  and  the  risk  of  fire  during 
dry  weather  bave  prevented  its  v^^ider  use;  the  fire  hazard 
is,  however,  negligible  after  the  mulch  has  been  packed  by 
orchard  traffic  and  made  moist  by  rains,  while  the  salt  hay 
deposited  on  certain  parts  of  the  Atlantic  coast  highways 
is  used  as  a  cheap  form  of  mulch. 

Terraces  may  also  be  used  for  orchard  planting,  espe- 
cially  when  new  areas  are  being  laid  down.  Terraces  bave 
a  beneficiai  eff ect  on  the  conservation  and  unif  orm  distribu- 
tion  of  moisture  to  the  trees,  particularly  where  it  is  possi- 
ble  to  pian  a  terrace  for  each  row  of  trees. 
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CHAPTER  X 

Reclamation  of  Gullies 


Gullies  OS  septic  foci.  Origin.  Prevention.  Mechanical  con- 
trol or  revegetation.  Suìtable  plants.  The  black  locust.  Vines 
and  spreading  legumes.  Stoloniferous  grasses.  Check  dams. 


Xhe  reclamation  and  control  of  the  great  and  little 
scars,  produced  on  the  earth's  surface  as  evidence  of  the 
misuse  of  land,  and  variously  known  as  gullies,  arroyos, 
barrancas,  dongas,  wadis  and  so  forth,  are  an  essential  part 
of  any  conservation  programme,  as  they  are  equivalent  to 
septic  foci  from  which  the  wasting  disease  may  spread  to 
adjacent  unharmed  and  non-eroding  land.  The  deeper  a 
guUy  grows,  the  more  water  does  it  coUect  in  its  stream 
bed  and  the  more  powerful  does  it  become  as  an  eroding 
factor. 

The  greatest  damage  caused  by  gnWy  erosion  is  in  the  re- 
moval  of  fertile  soil.  In  addition,  gullies  prevent  cultivation, 
as  they  cannot  be  crossed  by  cultivating  machinery;  they 
grow  rapidly,  undermining  farmhouse  or  farm  bmldings, 
public  highways  or  farm  roads;  the  material  they  carry 
causes  the  silting  of  reservoirs  or  irrigation  channels  or  is 
deposited  on  rich  bottom  land,  reducing  its  productivity. 
Gullies  are  caused  by  erosion  due  to  water  coUecting  and 
flowing  at  a  velocity  sufEcient  to  move  and  carry  away  soil 
particles,  and  may  arise  in  various  ways.  Surplus  water 
flowing  down  rolling  or  hilly  land  coUects  in  depressions 
on  the  surface,  f orming  rills  or  streams  with  power  to  wash 
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away  the  soil.  This  power  to  erode  increases  as  the  flow 
increases  in  size  and  velocity,  and  a  gully  will  be  formed 
and  enlarged  with  each  succeeding  rain,  unless  the  draw  is 
protected  by  grass  or  other  vegetation.  Waggon  tracks, 
cattle  paths  or  plough  furrows  running  up  and  down  the 
slope  can  ali  lead  to  dangerous  accumulations  of  water. 

When  the  excess  water  coUected  by  this  head-erosion 
flows  rapidly  from  the  field  slopes  to  the  naturai  drainage 
channels  below,  the  capacity  of  these  is  greatly  taxed  by 
the  rapid  delivery  of  water  from  ali  parts  of  their  water- 
sheds,  and  they  become  greatly  enlarged  and  deepened  by 
the  erosive  action  of  the  excess  water.  As  the  stream  bed  in 
them  falls  lower  and  lower,  the  smaller  guUies  and  rills 
from  the  field  slopes  become  steeper  and  more  dangerous 
as  erosion  centres.  At  first  the  tributary  guUies  empty  their 
streams  into  the  main  channel  over  the  edge  of  a  bank,  thus 
producing  waterfall  erosion,  the  type  responsible  for  the 
deepest  gullies  and  chasms.  The  falUng  water  undermines 
the  edge  of  the  bank,  which  gives  way,  and  the  waterfall 
moves  upstream  rapidly,  especially  in  erodible  soil.  As  the 
gullies  extend  backwards,  they  cross  tributary  watercourses 
or  naturai  depressions,  which  then  also  f  orm  waterf  alls  and 
develop  branch  guUies.  Gullies  of  this  type  may  be  formed 
in  almost  level  country,  their  growth  depending  upon  the 
size  of  the  drainage  area  rather  than  upon  the  slope  of  the 
land. 

Gullies  can  be  prevented  from  developing  by  the  adop- 
tion  of  the  methods  of  agricultural  conservation  described 
elsewhere,  i.e.  those  methods  which  will  cause  the  soil  to 
absorb  as  much  of  the  water  as  possible  and  provide  naturai 
outlets  for  the  slow  disposai  of  any  inevitable  excess. 

Some  gullies  may  be  controlied  by  appropriate  plough- 
ing,  cultivation  and  terracing  of  a  field,  with  the  use  of 
special  equipment  such  as  the  'bull-dozer'  for  particular 
cases,  or  by  the  method  evolved  by  Mr.  Howard  Hobson 
in  the  Grange  Free  State  and  described  on  page  54.  If,  after 
ploughing  in,  the  depressions  stili  tend  to  produce  gullies, 
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they  can  be  seeded  with  a  good  pasture  mixture;  trees  may 
also  be  planted  to  hold  the  soil  in  place  and  temporary  dams 
constructed  to  hold  any  loose  soil  which  might  be  washed 
away  while  the  vegetative  controls  are  becoming  estab- 
lished  (Figs.  20  a  and  b  and  21  a  and  b).  These  grassed 
waterways  may  then  be  incorporated  into  the  terracing 
system  of  a  field,  acting  as  naturai  outlets  for  the  slow  re- 
moval  of  water  delivered  by  the  terrace  outlets.  Naturai 
revegetation  of  gullied  land  is  usually  possible,  but  the 
process  can  be  a  slow  one  and  generally  cannot  keep  pace 
with  the  rate  of  growth  of  a  guUy.  In  addition,  volunteer 
plants  cannot  become  established  on  the  unproductive  sub- 
soil  surface  of  the  larger  gullies. 

When  it  is  impossible  to  fili  a  guUy  and  restore  it  to  crop 
use,  or  partially  to  fili  it  and  use  it  as  a  drainage  channel, 
other  steps  must  be  taken  to  protect  it  and  the  ad j  acent  land 
against  its  further  enlargement.  This  may  be  done  by  the 
use  of  particular.types  of  vegetation  or  by  the  construction 
of  dams  at  appropriate  intervals  in  the  gullies  to  arrest  the 
flow  of  water. 

The  vegetation  of  value  in  reclaiming  gullies  and  chasms 
should  be  characterized  by  rapid  growth  and  good  soil- 
binding  qualities.  The  types  or  plants  which  may  be  used 
include  some  trees,  a  number  of  vines  and  creeping  plants, 
and  stoloniferous  grasses. 

A  tree  which  is  widely  recommended  on  account  of  its 
spreading  and  interlacing  root  system  is  the  black  locust. 
Robinia  pseudoacacia.  This  leguminous  tree  makes  rapid 
growth  on  good  soils,  grows  even  on  poor  and  dry  soils, 
is  easily  propagated,  enriches  the  soil  with  nitrogen,  and 
produces  very  durable  wood  of  value  for  f enee  posts,  stakes 
and  poles;  its  value  for  gully  control  is  shown  in  Figs.  20  a 
and  b.  It  is  widely  planted  in  the  United  States  in  areas 
which  are  neither  too  hot  nor  too  cold,  and  where  it  is  free 
from  attack  by  the  locust  borer.  In  any  situation  within  its 
range  of  cultivation  the  black  locust  reaches  commercial 
maturity  comparatively  early,  and  should  be  cut  bef  ore  it  is 
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twenty  to  twenty-five  years  old.  Under  unfavourable  con- 
ditions  it  is  frequenti^  seriously  damaged  hy  insect  and 
fungus  diseases  after  fìfteen  to  twenty  years,  while  in 
favourable  regions  it  lives  for  fìfty  or  more  years  before 
showing  signs  of  old  age. 

It  is  possible  that  this  valuable  species,  or  the  related  and 
superior  shipmast  locust,  may  be  of  service  to  conserva- 
tionists  in  many  eroding  parts  of  the  world.  Possibly  other 
leguminous  trees  with  similar  qualities  may  be  found  in 
locai  floras  elsewhere  for  the  reclamation  of  deep  gullies,  in 
combination  with  other  plants.  The  soil-enriching  qualities 
of  a  leguminous  tree  lead  to  the  improvement  of  the  poor 
eroded  soil  upon  which  they  are  grown,  and  to  the  subse- 
quent  formation  of  a  legume-grass  association  of  consider- 
able  value  as  an  erosion-control  factor.  Heavy  sods  of 
bluegrass  and  other  palatable  species  are  frequently  de- 
veloped  on  locust  plantations  on  gullied  land  formerly  too 
impoverished  to  supporr  any  vegetation. 

Other  trees  of  value  in  gully  control  include  species  of 
Pinus,  poplars  and  willows.  Of  the  various  vines  and  creep- 
ing  plants  useful  in  revegetating  gullies,  perhaps  the  most 
promising  is  the  kudzu  vine  (Pueraria  thunb er giano)  ^  a 
native  of  China  but  now  widely  grown  in  parts  of  the 
United  States,  Southern  Rhodesia  and  elsewhere,  either  as 
an  ornamentai  plant  or  a  forage  crop.  This  vine  usually 
makes  phenomenal  growth;  it  has  a  tendency  to  clamber 
over  trees,  tali  grass  and  other  vegetation,  but  if  established 
on  barren,  eroded  soils  the  vines  cling  closely  to  the 
ground.  This  legume  both  enriches  the  soil  and  provides 
large  quantities  of  palatable  forage.  It  is  propagated  from 
'roots'  or  'crowns*. 

Other  vines  in  the  United  States  with  a  habit  of  growth 
which  suggests  their  value  for  gully  plantings  include  the 
common  ornamentai  wistaria,  the  trumpet  creeper  {Btg- 
nonia  radicans),  and  the  trailing  wild  bean  of  northem 
Mississippi  {Strophostules  helvolà) .  Elsewhere,  legumes  of 
locai  floras  may  be  found  to  bave  similar  qualities.  Another 
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species  eff  ective  in  controUing  soil  wash  due  to  the  mat  of 
protective  foliage  which  clings  closely  to  the  soil  is  the 
common  lespedeza  {Lespedeza  striata),  a  plant  which 
appears  to  be  able  to  grow  on  a  great  variety  of  soils,  in- 
cluding  heavy  clays  and  other  soils  in  poor  physical 
condition. 

Any  grass  species  with  a  stolonif erous  habit,  a  rapid  rate 
of  spread,  and  a  good  soil-binding  root  system  will  be 
found  to  be  suitable  for  gully  control.  The  actual  species 
selected  will  vary  with  the  locality  but  typical  examples  of 
widespread  species  include  Bermuda  grass  (Cynodon  dac- 
tylon),  centipede  grass  {Eremochloa  ophiuroides) ,  bents 
and  red-tops  {Agrostis  species),  Paspalu?n  species,  kikuyu 
grass  (Pennisetum  dande sttnum) ,  Johnson  grass  (Andro- 
pogon  halepense)  and  others.  Where  stock  are  not  likely 
to  damage  the  vegetative  cover  of  a  gully  while  grazing, 
palatable  grasses  can  be  used,  but  in  other  cases  it  may  be 
advantageous  to  utilize  some  of  the  species  generally  recog- 
nized  as  undesirable  and  unpalatable  for  gully  reclamation 
and  erosion-control  work  in  general.  Where  rapid  estab- 
lishment is  desirable,  planting  of  turves,  sods  or  root  cut- 
tings  should  be  used  in  place  of  seeding. 

Check  dams  can  be  used  alone  or  in  combination  with 
vegetative  control  methods,  the  object  being  to  reduce  the 
erosive  velocities  of  the  water  by  a  series  or  checks  which 
gradually  transf  orm  the  gully  gradient  f rom  a  unif  orm  steep 
slope  to  a  series  of  steps  (Fig.  21  b).  These  dams  may  be 
of  a  temporary  nature,  to  be  used  in  combination  with 
vegetation,  or  of  the  more  expensive  semi-permanent  type 
which  do  not  require  supplementary  vegetation  for  ulti- 
mate control  to  the  same  extent.  Temporary  dams  are  built 
of  stakes,  brush,  Straw,  logs,  loose  rock  or  woven  wire;  the 
more  permanent  dams  are  constructed  of  earth,  masonry  or 
concrete.  Most  temporary  dams  are  porous,  the  spaces  in 
them  being  gradually  fiUed  up  with  the  material  brought 
down  by  the  water,  but  the  structure  is  never  subjected  to 
pressure  from  the  water  coming  from  above.  Most  perma- 
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nent  dams  are  watertight,  the  water  having  to  flow  over 
them,  be  directed  around  or  carried  through  them  in  a 
conduit.  As  the  successive  steps  are  filled  up  by  silt,  a  fur- 
ther  series  of  dams  can  be  constructed  in  the  intervals 
between  the  originai  series  and  the  process  of  filling  up  and 
dam  construction  repeated  until  the  guUy  is  completely 
filled. 

Where  gullies  are  f  ormed  in  livestock  areas  and  a  supply 
of  water  for  the  stock  is  required,  the  dam  to  be  construc- 
ted may  be  of  a  type  which  will  provide  considerable 
Storage  f  acilities  for  emergency  purposes.  Reclaimed  gullies 
also  have  an  important  role  as  wild-lif e  refuges. 
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CHAPTER  XI 

Pastures,  Range  and  Veld 


Conservation  value  of  a  grass  sivard.  Grazing  value  and 
conservatton  value.  Development  of  erosion  on  humìd  grass- 
lands.  Ideal  sivard.  Wild  ivhite  dover.  Overgrazing  on  semi- 
arìd  grasslands.  The  goat.  Burntng.  The  desert  fringe. 
Ploughing  of  semi-arid  grasslands.  Readjustment  of  stocking 
capacity.  Enclosure.  Improving  the  water  relations.  Contour 
furrow.  Water  spreading.  Reseeding.  Transplanting.  Pasture 
research  in  Africa^  India,  North  America  and  Australasia. 
Exploratìon. 
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GRASS  swARD  wcU  managcd  is  an  efficient  cover  f  or  pre- 
venting  erosion  and  reducing  run-off  ;  a  grass  sward  badly 
managed  is  a  dangerous  thing,  with  the  poor  vegetation 
incapable  of  guiding  the  rainf  ali  into  the  soil  and  the  bare 
ground  favouring  soil  packing  and  the  beginnings  of  rill 
and  later  guUy  erosion  by  water,  or  the  wholesale  removal 
of  soil  by  wind. 

A  good  sward  has  numerous  merits  from  a  conservation 
point  of  view.  It  covers  the  surface  of  the  ground,  pro- 
tecting  it  from  the  direct  impact  of  the  fallmg  raindrops 
and  thus  keeping  the  pores  of  the  soil  open  and  capable  of 
receiving  excessive  amounts  of  water.  The  leaves  of  the 
herbage  assist  in  guiding  the  falling  raindrops  to  the  soil. 
The  humus  layer  below  the  herbage  is  capable  of  storing 
many  times  its  volume  of  water.  In  this  way,  a  good  grass 
sward  favours  a  high  degree  of  infiltration  and  ensures  that 
any  water  which  does  flow  away  as  run-off  is  clear  and  has 
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little  eroding  power.  The  root  system  of  the  grass  is  of 
value  in  protecting  the  soil  against  erosion,  particularly  the 
action  of  wind.  Where  the  sward  contains  a  legume,  the 
soil  fertihty  is  considerably  increased  by  the  nitrogen  fixed 
by  the  legume,  thus  promoting  the  development  of  a 
superior  botanical  composition  of  great  conservation  value. 

Pastures  and  range  lands  in  diif  erent  parts  of  the  world 
naturally  vary  widely  in  these  respects,  but  in  general  it 
can  be  said  that  the  plants  which  are  of  greatest  value  for 
grazing  purposes  in  any  particular  area  are  also  those  that 
are  most  conducive  to  water  absorption  and  soil  retention. 
There  are  great  differences  between  species  as  regards  de- 
gree  of  ground  cover,  stoloniferous  or  spreading  habit, 
development  of  an  extensive  root  system,  and  other  char- 
acters  of  conservation  value.  For  this  reason  it  is  impossible 
to  generalize  on  the  relative  merits  of  different  pasture 
swards,  the  experiences  under  one  set  of  conditions  being 
inapplicable  under  others.  Each  country  must  work  out  its 
figures  for  soil  loss  and  water  run-off  for  its  own  conditions 
and  its  own  type  of  management,  as  is  now  being  done  in 
the  eastern  and  western  United  States,  at  Pretoria  in  South 
Africa,  Mpwapwa  in  Tanganyika  Territory,  and  centres 
in  India. 

It  is  the  semi-arid  grassland  areas  which  have  suffered 
most  from  erosion,  but  extensive  damage  has  also  been 
caused  to  grass  swards  in  the  humid  temperate  parts  of  the 
world.  In  the  latter  case,  it  has  been  due  either  to  over- 
grazing  or  undergrazing,  or  similar  incorrect  types  of  grass- 
land management  in  climatic  conditions  characterized  by 
sudden  torrential  rainfalls  and  possibly  also  by  summer 
drought.  Overgrazing  leads  to  a  deterioration  in  botanical 
composition  and  an  increase  in  stemmy  annual  grasses  and 
weeds,  as  well  as  to  an  increase  in  bare  ground,  ali  factors 

/j.  Oklahoma^  US. A.  Contour  ploughed  field  which  has  had 
one  levelltng  of  harroiv  in  preparation  for  planti?ig  cotton.  See 
page  124. 
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conducive  to  erosion.  Undergrazing  causes  the  tali  stemmy 
types  of  herbage  to  become  dominant;  the  soil-protecting 
bottom  grasses  and  clovers  are  choked  out,  with  the  re- 
sult  that  again  there  is  an  increase  of  bare  ground.  In  both 
cases  the  raindrops  fall  directly  on  to  the  soil,  puddling  the 
surface  and  clogging  up  the  pores  with  silt;  infiltration  into 
the  soil  is  reduced,  mn-off  of  silt-laden  water  increases, 
and  the  cycle  of  erosion  begins. 

It  is  obvious  that  erosion  control  and  soil  conservation 
on  grasslands  of  ali  types  are  synonymous  with  good  grass- 
land  management.  In  humid  areas,  a  high-class  erosion- 
resisting  sward  should  be  maintained.  If  the  land  is  to  be 
resown,  care  must  be  taken  to  plough  at  the  correct  time 
of  the  year,  avoiding  as  far  as  possible  the  exposure  of  un- 
protected  soil  to  water  action  during  periods  characterized 
by  torrential  rainfall.  The  seeds  mixture  should  also  con- 
tain  some  rapidly  growing  species,  to  give  protection  to 
the  soil  while  the  chief  constituent  species  are  becoming 
established.  The  chief  species  will  naturally  be  selected  on 
the  basis  of  locai  requirements  and  conditions,  and  should 
include  suitable  'bottom'  species  to  form  a  dose  sward 
capable  of  protecting  the  soil  from  the  direct  impact  of 
falling  raindrops.  Sward  formation  can  be  encouraged  by 
various  means,  such  as  appKcation  of  fertilizers,  regulation 
of  grazing  to  carrying  capacity  and  seasonal  growth,  rota- 
tional  grazing,  and  resting  as  far  as  possible  during  droughty 
summer  periods,  in  order  that  the  species  may  not  be 
weakened  by  excessive  grazing  during  that  period,  with  a 
consequent  reduction  in  conservation  capacity.  This  may 
necessitate  the  cultivation  on  other  parts  of  the  farm  of 
supplemental  grazing  crops  and  forage  crops,  to  tide  over 
the  period  of  dormancy  in  the  pastures  proper. 

The  species  composing  an  erosion-resisting  sward  under 
humid  conditions  vary  to  some  extent,  but  in  general  a 
spreading  or  stoloniferous  habit  is  of  value  in  the  grass 

i6.  South  Carolina,  U.S.  A.  Strip-cropping.  Se  e  page  i2jf. 
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species  in  the  mixture,  while  the  inclusion  of  a  prostrate  or 
creeping  legume  such  as  wild  white  dover,  lespedeza  or  tre- 
f oil  will  assist  in  providing  ground  cover  and  in  improving 
the  fertility  of  the  soil.  Research  at  Cornell  University  has 
shown  that  wild  white  dover  provides  almost  complete 
control  of  soil  erosion  and  greatly  reduces  loss  of  water  by 
run-off  from  the  surface  during  heavy  rains  under  the  con- 
ditions  of  the  north-eastern  United  States.  This  was  found 
to  be  due  to  prevention  of  impact  of  raindrops  on  the  soil, 
retardation  of  rate  of  flow  or  water  over  the  surface,  and 
increased  porosity  of  the  soil  resulting  from  the  accumula- 
tion  of  organic  matter  and  the  activities  of  earthworms.  A 
pasture  plot  treated  with  superphosphate  and  lime  was 
found  to  contain  almost  four  times  as  many  earthworms 
per  acre  as  the  untreated  plot;  the  effect  of  the  treatment 
was  the  development  of  a  dense  sward  of  wild  white  dover. 
Where  fertility  conditions  are  not  sufficient  to  supporr  a 
sward  of  this  dover  in  combination  with  a  high-grade  grass 
species,  some  other  legume  such  as  lespedeza  may  be  intro- 
duced  to  provide  a  ground  cover  highly  resistant  to  erosion. 
A  sward  of  the  above  type  is  of  value  for  permanent 
erosion  control  on  slopes  which  are  to  be  'retired  to  pas- 
ture' and  left  unploughed  in  the  future.  In  addition,  how- 
ever,  special  attention  should  be  given  to  the  conservation 
values  of  the  species  used  in  the  temporary  ley,  in  relation 
to  the  crop  rotation  scheme  for  the  farm  as  a  whole.  This 
temporary  grass-legume  sward  will  probably  be  incor- 
porated  in  a  strip-cropping  scheme  and  generally  contains 
species  of  a  hay  type,  such  as  the  grasses  cocksfoot,  timothy, 
brome  grass  and  Kentucky  bluegrass,  and  the  legumes 
alf alfa,  red  dover,  alsike  dover  and  related  species.  Alf alfa- 
grass  mixtures  sown  for  soil  conservation  have  many  ad- 
vantages  over  the  seeding  of  grass  or  alf  alf  a  alone;  the  prac- 
tice  is  spreading  rapidly  in  the  northem  States  of  U.S.A. 
and  is  being  recommended  by  the  Soil  Conservation 
Service. 
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Where  erosion  on  humid  grassland  has  been  severe,  more 
drastic  measures  of  gully  control  may  bave  to  he  adopted, 
for  which  purpose  other  ground  covers  with  a  more  ram- 
pant  habit  of  growth,  such  as  kudzu  vine,  kikuyri  grass, 
etc,  can  be  employed  to  provide  complete  protection  (see 
Chapter  X) . 

The  carrying  capacity  of  semi-arid  grassland  such  as 
steppe,  range,  savanna  or  veld  is  low  compared  with  pas- 
tures  under  more  humid  conditions,  and  in  addition  the 
principles  of  grazing  management  differ.  Great  areas  of 
range  and  veld  bave  been  ruined  by  overgrazing,  due  either 
to  overstocking  of  the  entire  area  or  to  badly  distributed 
stocking  consequent  upon  inadequate  watering  facilities  for 
animals.  The  results  are  again  a  deterioration  of  the  originai 
vegetation  under  the  Constant  grazing  and  treading  of 
stock,  through  the  ecological  stages  of  retrogression  char- 
acterized  by  the  development  of  poorer  types  of  perennial 
grasses,  annual  grasses,  weeds  and  in  some  cases  useless 
bushes  and  scrub.  In  bringing  about  this  retrogression,  such 
factors  as  the  relative  palatability  of  species  and  the  graz- 
ing habits  of  the  different  animals  are  of  importance;  the 
goat  in  particular  has  been  blamed  for  much  of  the  de- 
nudation  which  has  occurred,  for  example,  in  the  Medi- 
terranean  area  and  around  the  Sahara,  although  it  is  not  so 
much  its  grazing  habits  as  its  ability  to  graze  on  steep  banks 
and  to  destroy  woody  vegetation  which  has  produced  the 
serious  results  noted. 

Annual  buming  of  semi-arid  grasslands  has  been  a  major 
factor  in  the  exposure  of  large  areas  to  erosion  and  desic- 
cation.  Grasslands  throughout  most  of  Africa  are  bumt 
annually  for  various  reasons— to  remove  mature  and  un- 
palatable  excess  and  to  encourage  young  growth,  to  con- 
trol bush  or  tali  grass  growth,  or  to  reduce  the  danger  of 
fire  to  ad)  acent  forest  areas  and  to  clear  dense  grass  for 
hunting  purposes.  ReUable  data  on  the  effect  of  buming 
are  meagre  and  conflicting,  although  a  considerable  amount 
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of  attention  has  been  given  to  the  problem  at  Cedara  and 
elsewhere  in  South  Africa.  R.  Lindsay  Robb  concludes 
that  'the  indiscriminate  use  of  fìre  is  to  be  condemned; 
nevertheless  it  may  bave  a  place— particularly  in  certain  dis- 
tricts  and  on  certain  swards— as  part  of  a  controlied  sys- 
tem of  veld  management,  an  operation  to  be  performed 
only  under  certain  clearly  defined  conditions.  In  our 
present  stage  of  unenlightenment  on  the  subject  generaliza- 
tions  on  burning  are  liable  to  be  highly  misleading  since  so 
much  depends  on  such  variable  f  actors  as  the  type  of  grass- 
land,  the  successional  stage  within  the  type,  the  rainfall, 
time  of  burning,  intensity  of  firing,  and  so  forth.' 

The  most  dangerous  type  of  overgrazing  is  that  which 
causes  deterioration  in  the  already  sparse  vegetation  in  arid 
and  semi-desert  areas,  such  as  occur  on  the  fringe  of  the 
Sahara,  in  South  Africa,  Australia  and  many  other  parts  of 
the  world  where  the  ecological  climax  is  in  a  delicate  state 
of  equilibrium  easily  upset  by  uncontrolled  grazing,  burn- 
ing or  other  types  of  mismanagement.  If  properly  used  such 
areas  bave  a  definite  though  low  carrying  capacity,  but 
their  misuse  is  disastrous  in  its  eff ect  of  extending  the  desert 
and  increasing  desiccation  over  a  large  area  of  ad j  acent 
country.  This  aspect  of  the  grazing  problem  is  discussed  in 
Chapter  XIII. 

In  many  semi-arid  parts  of  the  world  erosion  on  grass- 
lands  has  been  caused  not  by  overgrazing,  but  by  excessive 
ploughing  of  land  for  cropping.  Once  the  grass  root  sys- 
tems  and  the  accumulated  organic  matter  bave  disap- 
peared  under  a  non-rotational  type  of  cultivation,  the  soil 
lies  exposed  during  periods  of  cultivation  and  f allow  to  the 
eroding  power  of  wind  and  water. 

The  chief  cause  of  deterioration  of  semi-arid  grassland 
areas  is  the  absence  of  any  regulation  of  grazing,  or  the 
failure  to  appreciate  that  the  carrying  capacity  of  such 
grassland  is  very  low  compared  with  that  of  more  humid 
conditions.  Before  attempting  control  measures  it  is  neces- 
sary  to  obtain  some  idea  of  the  carrying  capacity  of  the 
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originai  undamaged  vegetation  at  its  highest  standard  of 
development.  The  seeding  behaviour  and  regenerative 
powers  of  the  grass  species  (few  legumes  succeed  under 
these  conditions)  must  be  studied.  Data  should  be  obtained 
from  ecological  observations  on  the  characteristic  plant 
succession,  with  a  view  to  discovering  the  stages  of  de- 
generation and  regeneration  of  the  gramineous  and  other 
constituents  of  the  flora.  The  root  systems  of  the  different 
grass  species  should  be  compared  in  order  to  ascertain 
which  should  be  encouraged  from  a  soil-binding  point  of 
view. 

With  this  knowledge  it  will  then  be  possible  to  decide 
whether  a  reduction  in  stock  numbers  will  be  suflicient  to 
favour  the  revival  of  the  valuable  species  and  also  to  what 
extent  reseeding  or  planting  of  grass  species  is  necessary  and 
possible. 

The  degree  of  success  to  be  obtained  from  enclosure  de- 
pends  upon  the  severity  of  the  damage  caused  to  the  grass- 
land,  and  in  particular  the  duration  of  the  overgrazing. 
Relicts  of  the  originai  vegetation  may  persist  for  a  con- 
siderable  period  under  maltreatment  and  await  only  the  rest 
provided  by  enclosure  from  stock  to  spread  again  vegeta- 
tively  or  by  naturai  seeding.  Special  sowings  of  suitable 
species  may  be  possible  in  some  instances,  but  unf  ortunately 
many  of  the  best  species  of  semi-arid  and  arid  grasslands 
are  shy  seeders  and  must  be  established  by  cutting  or  similar 
vegetative  means,  processes  which  are  laborious  and  ex- 
pensive  unless  cheap  native  or  other  labour  is  available. 

The  regeneration  of  a  degraded  range  may  be  accelerated 
by  improving  the  water  relations  of  the  soil,  particularly  by 
ploughing  contour  f urrows  or  similar  devices  to  coUect  the 
run-off  water  and  guide  it  into  the  soil  instead  of  allowing 
it  to  flow  down  the  slope.  There  is  a  great  variation  in  types 
of  contour  furrows,  but  the  general  trend  in  North 
America  is  towards  small  furrows  closely  placed.  In  the 
Great  Plains  of  the  United  States  these  permit  'better 
utilization  of  the  moisture  in  the  production  of  vegetation, 
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give  greater  capacity  f or  the  retention  of  moisture,  and  do 
not  interfere  with  the  mowing  of  weeds  or  the  passage  of 
machinery.  There  are  innumerable  examples  which  prove 
conclusively  that  subsoil  moisture  is  being  restored  and  pas- 
ture vegetation  is  increasing  rapidly  not  only  in  quantity, 
but  in  per  cent  of  coverage'  (C.  R.  Enlow) . 

In  discussing  the  future  of  South  African  pastures, 
T.  D.  Hall  States  that  the  farmers  of  that  country  'bave  not 
realized  what  a  revolution  there  has  been  in  the  knowledge 
and  application  of  control  methods  by  means  of  the  con- 
tour furrow  or  ridge  terrace,  how  much  more  efficient 
and  cheaper  it  is  than  trying  to  dam  dongas  in  the  old  way. 
The  ridge  terrace  not  only  helps  to  restore  and  irrigate 
their  veld,  but  it  controls  and  slows  down  the  flood  waters, 
reduces  silting  to  a  minimum,  prevents  their  dams  from 
breaking  and  rejuvenates  their  springs.  The  use  of  the  con- 
tour furrow  is,  in  fact,  the  brightest  spot  on  the  dark 
horizon  of  reclamation.  From  what  I  bave  seen  of  actual 
examples  of  this  method  in  restoring  veld,  increasing  stock- 
carrying  capacity,  giving  plenty  of  stored  water  and  cre- 
ating  springs  where  none  were  before,  I  think  the  use  of 
the  contour  furrow  or  ridge  terrace  will  play  a  very  great 
part  in  restoring  South  Africa's  herbage  and  water  supply.' 

In  constructing  contour  f  urrows,  it  is  possible  to  arrange 
for  them  to  be  of  a  capacity  suflicient  to  retain  completely 
a  rainfall  of  the  maximum  intensity  per  hour  or  per  day 
characteristic  of  the  surroundings.  In  order  that  the  opened 
sward  caused  by  the  contour  furrow  may  be  healed  as 
rapidly  as  possible,  seeding  with  special  pasture  mixtures  is 
a  feasible  practice,  particularly  in  the  more  humid  areas.  In 
semi-arid  regions  where  grass  does  not  become  established 
so  readily,  it  is  possible  that  a  special  type  of  machine  can 
be  used  which  places  the  furrow  slice  sod-side  up  beside 
the  furrow,  thus  removing  any  necessity  of  reseeding. 

In  connexion  with  schemes  of  water  conservation  on 
pasture  and  range  land,  it  may  be  possible  to  utilize  some 
of  the  conserved  water  for  flood  irrigation  or  for  stock- 
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watering  purposes  when  stored  in  specially  constxucted 
dams.  The  provision  of  additional  stock- watering  facilities 
is  an  important  problem  in  overgrazed  parts  of  East  Africa; 
for  example,  recommendations  have  been  made  for  the 
sinking  of  many  additional  water  holes,  in  order  to  dis- 
tribute  the  stocking  in  a  more  equitable  manner.  The  effect 
of  this  practice  on  the  underground  water-table,  and  there- 
fore  indirectly  upon  the  surrounding  vegetation,  is  a  point 
which  deserves  serious  consideration.  A  system  of  water 
spreading  may  also  be  adopted  whereby  excess  water  is 
guided  away  from  its  usuai  course  by  damming  or  a  similar 
method  and  spread  over  an  extensive  area  of  range  land, 
provided  this  can  be  done  without  causing  erosion  on  that 
land.  The  effect  of  flooding  and  silt  deposition  on  the  exist- 
ing  vegetation  must  be  considered  when  adopting  this  prac- 
tice; if  the  vegetation  has  not  the  capacity  to  grow  rapidly 
through  the  silt,  a  bare  surface  is  formed  which  hardens  in 
the  beat  of  the  sun,  thereby  becoming  much  more 
dangerous  as  a  run-off  factor  than  the  originai,  possibly 
overgrazed  range. 

Reseeding  of  depleted  range  and  other  types  of  semi-arid 
grasslands  may  be  adopted,  particularly  where  soil  and 
moisture  conditions  are  specially  favourable.  Where  mois- 
ture  is  deficient,  reseeding  becomes  more  difEcult  and  the 
species  which  can  be  utilized  are  few.  Something  can  be 
done  by  appropriate  timing  of  the  sowing  on  the  basis  of 
the  period  of  suitable  rainfall  but  much  research  is  stili 
necessary,  particularly  on  the  development  of  revegetation 
methods  sufficiently  low  in  cost  to  be  economically  f easible 
on  a  large  scale  imder  dry  conditions.  When  protection  is 
an  urgent  matter,  e.g.  after  a  serious  fire  has  denuded  a 
criticai  watershed,  emergency  seeding  of  plants  such  as 
mustard  may  be  made,  possibly  from  aeroplanes,  in  order  to 
provide  very  rapid  re-estabhshment  of  vegetation  before 
erosion  and  soil  wash  can  set  in. 

Transplanting  of  grasses  from  which  it  is  impossible  to 
obtain  sufficient  seed  is  more  uneconomic  than  reseeding, 
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but  nevertheless  considerable  success  has  been  obtained 
from  the  practice;  for  example,  in  the  reclamation  work  in 
Kenya,  under  the  direction  of  the  Reconditioning  OfEcer 
of  the  Kamasia  Reserve,  where  20,000  acres  have  been  re- 
conditioned  at  a  cost  of  about  one  shilling  per  acre,  and  in 
the  western  States  of  U.S.A. 

As  the  research  which  is  in  progress  in  different  parts  of 
the  world  on  the  conservation  of  range,  veld  and  other 
types  of  semi-arid  grassland— the  most  important  as  far  as 
we  are  concerned— varies  to  some  extent  from  country  to 
country,  a  brief  review  may  be  appropriate  at  this  point.  In 
ali  cases  it  may  be  said  that  it  is  usuai  to  make  a  survey  of 
the  area  before  formulating  any  scheme  of  reclamation 
and  revegetation. 

J.  W.  Rowland  (Pretoria)  states  that  the  naturai  veld  in 
South  Africa  will  be  the  main  source  of  food  for  livestock 
in  the  country  for  many  years  to  come,  artificial  pastures 
being  used  mainly  to  supplement  the  naturai  vegetation  at 
periods  when  it  is  either  of  little  value  or  susceptible  to 
damage  by  grazing.  Veld  research  is  being  concentrated 
chiefly  on  the  foUowing  aspects: 

(  I  )  Methods  of  management  whereby  the  veld  is  stabi- 
lized  at  a  useful  level  of  productivity. 

(2)  The  periods  of  value  and  the  periods  of  shortage  in 
veld  production. 

(3)  Periods  of  criticai  growth  when  the  vegetation  may 
be  said  to  be  vulnerable  or  particularly  susceptible  to  dam- 
age by  grazing  animals. 

(4)  The  limits  of  botanical  composition  between  which 
the  veld  can  be  changed  by  variations  of  grazing  treatment. 

'Correct  management  can  undoubtedly  increase  the 
period  of  usefulness  of  the  naturai  veld  considerably.  The 
problems  vary  widely  in  the  different  parts  of  the  Union. 
In  the  sweeter,  more  arid  regions,  control  must  take  the 
form  of  a  limitation  of  stock  numbers,  and  the  provision 
of  facilities  for  resting  the  veld  during  criticai  periods.  The 
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signifìcance  of  diiferent  periods  of  rest  is  being  investi- 
gated,  together  with  tests  of  carrying  capacity.  On  the  sour 
velds,  diffìculties  in  achieving  grazing  control  are  ascribed 
mainly  to  the  foUowing  factors: 

'  (  I  )  Wide  variations  in  growth  rate. 
'(2)  The  rapid  decline  in  palatability  and  feeding  vaine 
of  the  herbage  as  it  approaches  maturity. 

'These  two  factors  tend  to  intensify  the  evils  of  selective 
grazing.  In  order  to  eliminate  this  selective  grazing,  which 
can  so  easily  cause  steady  deterioration,  systems  of  sub- 
division  into  camps  of  different  sizes  bave  been  devised; 
during  periods  of  rapid  growth,  small  camps  are  grazed 
rotationally,  and  during  periods  of  slow  growth,  large 
camps  are  used.  The  relative  sizes  of  the  camps  must  ulti- 
mately  be  determined  by  (  i  )  variations  in  the  growth  rate 
during  the  summer;  (2)  the  value  of  the  herbage  at  the  dif- 
ferent seasons;  (  3  )  the  length  of  the  periods  of  rapid  growth 
and  of  slow  growth  respectively. 

'Simultaneously  with  this  line  of  research  on  veld,  arti- 
ficial  pastures  are  being  investigated  to  find  the  seasonal 
grazing  value  of  each  type'  (J.  W.  Rowland).  Particular 
attention  is  being  devoted  in  South  Africa  to  woolly  finger 
grass,  of  which  several  annual  and  perennial  types  occur 
in  the  Union. 

Tanganyika  and  Kenya  are  also  much  concemed  with 
grassland  conservation.  In  the  former  territory  research  is 
carried  on  with  regard  to  the  relative  values  of  locai  pasture 
and  f  odder  plants  and  their  behaviour  under  grazing  in  rota- 
tional  grazing  schemes,  and  run-off  and  erosion  tests  are 
made  in  semi-arid  parts  of  the  territory.  The  areas  included 
in  these  last-mentioned  tests  include  bare  plots,  non- 
cultivated,  fiat  cultivated  and  ridge  cultivated  plots,  a  plot 
with  the  native  grain  crop  (mtama.  .Andropogon  sorghum 
var.  vulgare),  a  plot  of  African  foxtail  grass  (perennial) 
and  two  deciduous  thicket  plots. 

In  Kenya  the  main  line  of  development  will  probably  be 
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controlied  grazing  in  the  semi-arid  drought-affected  areas 
to  prevent  deterioration  from  localized  overgrazing;  stock 
farming  in  this  type  of  country  will  remain  on  extensive 
lines.  Attempts  are  to  be  made  to  conserve  fodder  as  hay 
or  silage.  Suggestions  have  been  made  for  a  scheme  of  con- 
trol for  the  drier  areas  occupied  by  native  tribes,  entailing 
the  protection  of  areas  in  rotation,  based  on  a  knowledge 
of  the  periods  required  by  the  main  herbage  species  to  ripen 
seed.  The  mere  closing  of  areas  to  grazing  during  one 
growing  season  has  resulted  in  marked  improvement;  clos- 
ing in  rotation  for  a  succession  of  growing  seasons  with 
grazing  during  the  other  part  of  the  year  would  probably 
be  adequate  in  many  cases. 

In  discussing  the  grazing  problem  in  the  drier  parts  of 
India,  R.  Maclagan  Gorrie  states  that  constructive  work 
can  be  done  only  on  a  self-help  basis  of  free  labour  because 
the  Government  cannot  aiford  to  undertake  it.  The  two 
main  heads  for  the  activities  of  each  village  or  group  of  vil- 
lages  are  (i)  to  develop  fodder  resources  for  locai  Uve- 
stock,  and  (2)  to  improve  the  standard  of  cultivation  in 
any  way  which  will  tend  to  conserve  soil  and  reduce  mn- 
off .  The  common  lines  of  attack  may  be  rotational  closure 
of  grazing  land,  partition  of  shamìlat  or  common  grazing 
ground,  panchayat  or  village  committee  management,  in- 
tensive improvement  of  naturai  grasslands  including  guUy 
control  and  contour  ridging  on  more  gently  sloping  grass- 
lands, development  of  tree  fodder  supply  with  controlied 
rotational  lopping,  development  of  green  fodder  crops  and 
silage,  determination  of  correct  grazing  incidence  for  locai 
types  of  bush  and  grass,  restriction  of  migrants  and,  above 
ali,  reduction  of  locai  herds  with  a  campaign  for  fewer  and 
better  cattle. 

The  first  reliable  run-oif  figures  for  f orest  and  grassland 
in  India  were  quoted  by  Dr.  Gorrie  in  an  address  to  the 
Royal  Society  of  Arts,  London  (May  1938).  The  results 
obtained  during  the  first  monsoon  period  were  as  foUows: 


PASTURES,  RANGE  AND  VELD 
Table  II 


Grass  and 

Bare  soil. 

Grass  80  per 

shrubs  90  per 

grass  clipped 

cent  cover 

cent  cover 

every  3  days 

Percentage  of  rain  ivhich  ran 

off: 

Out  of  total  of  46  inches  on  32 

wet  days  during  July-Octo- 

ber  1937    -        -        -        - 

7 

5 

25 

Out  of  total  of  5  %  inches  in  4 

hours,   the   heaviest   single 

storni         .        -        _        - 

2.2 

17 

6 

Weìght  of  soli  lost  in  Ib.  per 

acre: 

Carried  away  on  32  wet  days  - 

3,500 

3,900 

18,500 

Carried  away  by  a  single  storm 

(5K  inches)      -        -        - 

260 

307 

3i5" 

The  objects  of  research  in  the  range  country  of  U.S.A. 
and  Canada  are  essentially  similar.  The  practices  of  range 
management  best  adapted  to  the  conservation  of  the  land 
and  consistent  with  maximum  utilization,  restoration  and 
maintenance  of  the  forage  supply  and  the  most  effective 
production  of  livestock  are  now  widely  applied;  they  have 
been  enumerated  by  Dr.  W.  R.  Chaplme  as  follows: 

(  I  )  def erred  and  rotation  grazing  which  permits  full  use 
of  forage  but  delays  grazing  until  after  seed  dissemination 
on  a  difierent  portion  of  the  range  each  year; 

(2)  later  opening  dates  for  ranges,  more  in  harmony 
with  readiness  of  plants  for  grazing; 

(3)  a  fairly  good  basis  for  determining  the  approximate 
grazing  capacities  of  mountain  range  types; 

(4)  improved  methods  for  grazing  sheep  and  goats,  such 
as  open  and  quiet  herding,  and  bedding  them  down  in  a 
new  place  every  night,  to  avoid  damaging  the  range 
through  trampling  and  localized  overgrazing; 

(5)  the  obtaining  of  better  distribution  of  cattle  on 
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the  range  through  well-placed  water  places  and  better  salt- 
ing  methods,  thus  bringing  about  more  even  and  more  effec- 
tive  use  of  the  available  range  forage;  and 
(6)  the  eradication  of  tali  larkspur. 

The  problem  is  serious  in  the  arid  pastoral  areas  of  Aus- 
tralia, where  any  appreciable  recovery  appears  to  depe'nd 
upon  a  readjustment  of  the  stocking  policy.  The  Ranson 
Mortlock  Laboratory  has  been  opened  in  Adelaide  to  de- 
vote special  attention  to  erosion  on  Australian  arid  pas- 
toral areas.  An  important  aspect  of  its  work  will  be  a  study 
of  the  relative  merits  of  indigenous  and  introduced  pasture 
plants.  The  outstanding  species  for  low  rainfall  conditions 
in  South  Australia  are  subterranean  dover  and  Wimmera 
ryegrass,  but  other  species  for  more  extreme  conditions 
are  required  if  the  extension  of  the  desert  is  to  be  pre- 
vented. 

The  search  for  suitable  plant  species  to  provide  a  cover 
on  grassland,  'bush'  and  sandy  areas  under  semi-arid  con- 
ditions is  one  of  the  most  important  problems  facing  the 
conservation  specialist.  In  most  cases  the  indigenous  species 
are  found  to  be  superior  to  the  introduced,  although  fre- 
quently  the  former  may  be  unsuitable  owing  to  their  in- 
ability  to  produce  seed  in  sufficient  quantities.  Some  coun- 
tries  are  in  a  more  favourable  position  than  others.  South 
Africa  has  a  number  of  valuable  grasses,  and  particular 
attention  is  now  being  devoted  to  the  Digitarias,  mainly  on 
account  of  their  high  carrying  capacity,  drought  resistance 
and  fairly  high  nutritive  value,  both  during  the  growing 
season  and  in  the  dormant  stage.  The  American  range 
specialist  has  many  valuable  species  in  the  grassland  flora  of 
the  west.  Even  under  more  humid  grassland  conditions, 
specialists  are  recommending  a  return  to  the  indigenous 
species  as  distinct  from  the  introduced.  The  grasslands  of 
New  Zealand  which  were  laid  down  in  place  of  the  former 
forests  are  largely  composed  of  so-called  'English  grasses', 
which  bave  been  established  with  great  success.  The  native 
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grassiands,  however,  have  been  exploited  and  deterioration 
has  been  general,  especially  in  the  great  'sheep-station* 
areas  of  montane  and  higher  altitude  tussock  grassland.  The 
seriousness  of  the  situation  has  long  been  felt  by  the  De- 
partment of  Agriculture  and  an  important  prelkninary  sur- 
vey  was  made  by  the  late  Dr.  L.  Cockayne  which  reveaied 
the  position  as  it  existed  from  1918  to  1922.  'Experimental 
plots  were  established,  the  lessons  from  which  can  now  be 
read,  and  a  further  attack  on  the  problems  of  increasing 
the  carrying-capacity  of  the  indigenous  grasslands,  of  re- 
storing  the  desert  to  fertiHty,  and  of  soil  conservation,  is 
being  made  by  the  Fields  Division  of  the  Department  of 
Agriculture  and  the  Plant  Research  Bureau  of  the  Depart- 
ment of  Scientific  and  Industriai  Research.  In  this  work  it 
has  been  decided  not  only  to  make  more  detailed  surveys, 
but  to  establish  experimental  and  nursery  areas,  so  that  the 
basis  may  be  laid  for  a  sound  pian  of  procedure. 

*As  one  of  its  aims  the  investigation  will  include  the  ex- 
ploration  of  the  possibilities  of  using  to  the  best  advantage 
the  more  valuable  of  the  indigenous  grasses,  notably  the 
diiferent  forms  of  blue  grass  (Agropyron  scabrum)'  (Dr. 
H.  H.  AUan) .  Unf ortunately  for  New  Zealand  the  native 
species  most  needed  have  been  so  reduced  in  quantity  that 
their  seed  has  to  be  sought  in  odd  sanctuaries  such  as  ceme- 
teries  or  gathered  laboriously  in  the  field  by  band.  It  is  con- 
sidered  that  a  sound  preliminary  step  at  this  stage  would  be 
the  establishment  of  a  nursery  for  the  assembly,  cultivation 
and  observation  of  promising  species  and  strains  of  both 
native  and  introduced  plants,  for  conditions  under  which 
the  more  restricted  English  grasses  do  not  succeed. 

Exploration  in  parts  of  the  world  with  unsurveyed  grass- 
land resources  may  provide  valuable  plant  material.  The 
Westover-Enlow  expedition  to  Soviet  Central  Asia  and 
Turkey  brought  back  many  valuable  types  for  use  in  the 
revegetation  programmes  of  the  American  Soil  Conserva- 
tion Service.  In  collecting  grasses  for  erosion  control,  it  is 
essential  to  cover  as  wide  a  range  of  species  as  possible,  as 
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the  different  types  obtained  are  required  for  such  varied 
purposes.  Certainly  any  spreading  or  stoloniferous  type  is 
desirable  even  if  rampant,  while  even  unpalatable  species 
may  he  of  value  in  providing  a  permanent  cover  un- 
aff ected  by  animai  grazing. 

Mention  has  been  made  elsewhere  of  the  many  miscel- 
laneous  uses  of  grasses  in  a  conservation  agriculture,  as,  for 
example,  in  grassed  waterways  coUecting  water  from  ter- 
races,  grass  plantings  in  guUy  control,  grass  covers  on  ter- 
races,  or  on  contour  strips  in  orchards  and  plantations. 
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CHAPTER  XII 

Trees  and  Agricultural  Conservation 


World-wide  destructìon  of  foresi  cover.  Little  thought  of 
results  in  terms  of  soil  lo  ss  a?id  run-off.  Advantages  of  a 
forest  cover,  Siltation.  Forests  and  climate.  Reservation  and 
utilization  of  standing  forests.  Sustained  yield  versus  boom 
and  bust.  Shifting  cultivation.  Tsetse  fly.  Recla?nation  by 
ecological  methods  or  reforestation.  Contour  trenches.  Teu- 
tonic  and  Mediterranea?!  systems  of  reforestation.  Shelter 
belts  in  Russia,  U.S.A.,  Canada  and  Denmark.  Miscellaneous 
uses  of  trees. 


.HE  SCIENCE  and  practice  of  forestry  are  related  to  the 
conservation  of  soil  in  numerous  ways.  The  conservation 
of  forests  would,  however,  require  a  volume  in  itself,  and 
the  subject  is  growing  rapidly  as  the  fundamental  knowl- 
edge,  which  is  stili  scarce,  becomes  available  from  the 
varied  ecological  zones  in  which  forests  grow,  both  in  tem- 
perate and  tropical  climes.  We  shall  therefore  confine  our- 
selves  in  this  chapter  to  a  brief  consideration  of  the  extent 
of  deforestation,  the  relation  between  forests,  floods  and 
climate,  proper  forest  management,  and  methods  of  re- 
forestation, devoting  particular  attention  to  the  use  of 
trees  in  the  development  of  a  conservation  agriculture. 

The  spread  of  civilization  across  the  world  has  led  to  the 
destruction  of  great  areas  of  naturai  vegetation,  and  par- 
ticularly  of  forest,  woodland  and  scrub.  Around  the  shores 
of  the  Mediterranean  the  originai  forest  cover  which  came 
down  to  the  water's  edge  was  cleared  to  provide  crop 
land,  f  uel,  timber  f  or  building  or  ship  construction,  or  was 
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ruined  by  browsing  stock,  particularly  the  goat.  In  the 
more  humid  regions  of  Northern  and  Central  Europe  the 
clearance  of  the  forest  was  followed  by  the  development 
of  an  intensive  type  of  agriculture.  This,  combined  with 
the  favourable  type  of  climate,  and  particularly  by  a  non- 
torrential  type  of  rainfall,  favoured  the  conservation  of 
the  soil's  fertility  and  theref ore  of  the  soil  itself ,  save  in  the 
more  mountainous  regions  of,  for  example,  the  French 
Alps  and  the  Pyrenees.  After  the  forests  of  the  Apennines 
of  Italy  had  been  cut  for  ship  and  house  building,  atten- 
tion  was  turned  to  the  reserves  in  the  Alps  and  Pyrenees 
and  deforestation  became  excessive.  Later,  pressure  of  in- 
creasing  population  led  to  a  disturbance  of  the  balance  be- 
tween  forest  and  alpine  pastures,  with  subsequent  erosion 
and  flooding  in  the  lower  valleys.  Now,  however,  the  soil 
has  become  stabilized  and  erosion  is  slight,  although  floods 
are  stili  frequent  and  may  be  inevitable. 

Shifting  cultivation  and  uncontroUed  clearing  and  burn- 
ing  in  India,  clearing  for  rice  lands  in  China,  shifting  culti- 
vation and  grass  burning  on  the  savannas,  increasing  desic- 
cation  and  clearing  for  tsetse-fly  control  in  diff erent  parts 
of  Africa,  clearing  in  the  humid  eastern  United  States  for 
agricultural  land  and  other  purposes,  lumbering  in  the 
north-western  States  and  British  Columbia,  overcutting  in 
forest  regions  of  Australia,  and  wholesale  clearing  of  the 
dense  bush  cover  of  New  Zealand  to  provide  grasslands, 
ali  are  contributing  factors  to  the  enormous  reduction  of 
the  world's  forest  acreage.  This  wanton  destruction  is  ali 
the  more  deplorable  when  the  merits  of  a  forest  cover  are 
considered  in  terms  of  soil  loss  and  water  run-off . 

The  precise  value  of  forests  in  controlling  floods  is  not 
yet  fuUy  understood,  but  it  is  certain  that  the  major  rivers 
which  arise  from  the  confluence  of  many  tributary 
streams,  the  'little  waters'  of  the  headwater  supply  areas, 
are  much  more  regular  in  their  behaviour  if  the  upper 
reaches  of  the  river  basin  are  safely  protected  by  a  forest 
cover.  The  litter  on  the  forest  floor  increases  the  absorp- 
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rive  powers  of  the  soil,  with  the  result  that  a  high  propor- 
tion  of  the  rainfall  is  transferred  to  the  ground-water 
table;  the  litter  itself  absorbs  many  times  its  volume  of 
water.  The  peaks  of  run-off  are  thus  reduced  in  height, 
with  a  corresponding  reduction  in  number  and  height  of 
floods.  The  water  which  passes  to  the  ground-water  table 
reappears  gradually  from  springs  and  other  sources,  which 
thus  bave  a  more  regular  flow,  a  fact  of  great  importance 
in  reservoir  and  hydroelectric  schemes.  A  change  from  a 
permanent  to  an  intermittent  stream  flow  is  a  characteristic 
of  deforested  watersheds.  In  addition,  the  water  flowing 
from  a  well-protected  watershed  is  largely  free  from  silt 
and  does  not  cause  siltation.  The  silt  load  of  streams  from 
deforested  eroding  watersheds  is  frequently  very  high  (see 
Table  III). 

The  influence  of  forests  on  climate  is  a  question  which 
has  received  considerable  attention,  but  the  generalization 
frequently  made  that  forests  increase  rainfall  is  not  yet 
based  on  fact.  A  forest  is  the  type  of  naturai  vegetation 
cover  which  develops  under  high  rainfall  conditions,  and 
the  existing  rainfall  is  more  eifective  and  of  greater  value 
to  agriculture  and  downstream  industry  if  an  upstream 
area  is  under  a  forest  cover.  This  does  not  mean,  however, 
that  the  planting  of  enormous  blocks  of  forest  indiscrimi- 
nately  will  necessarily  do  anything  in  the  way  of  trans- 
forming  adverse  climatic  conditions.  Under  certain  con- 
ditions and  with  certain  types  of  rainfall,  however,  this 
may  be  so.  There  is  stili  much  to  be  disco  vere  d  with  re- 
gard  to  the  relation  between  the  plant  cover,  whether 
grassland  or  forest,  and  the  hydrologic  cycle.  An  inter- 
esting  example  may  be  quoted  from  the  cultivation  of 
cocoa  in  the  Gold  Coast;  forest  must  be  cleared  for  cocoa 
cultivation  but  the  clearing  reduces  the  humidity  of  the  air 
which  is  so  necessary  for  the  growth  of  the  cocoa  tree. 
Thus  a  combination  of  forest  strips  or  islands  and  cocoa 
plantations  may  bave  to  be  developed. 

In  many  countries  it  will  be  necessary  to  place  the 
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forests  which  stili  exist  in  special  reservations,  or,  if  they 
are  to  be  used,  to  ensure  that  they  are  cut  on  a  sustained- 
yield  basis.  One  of  the  cardinal  maxims  of  forest  manage- 
ment where  tree  cutting  is  necessary  f  or  the  provision  of 
timber  is  that  of  maintaining  a  sustained  yield.  The  amount 
to  be  cut  each  year  is  adjusted  to  the  annual  growth  incre- 
ment  of  the  stand.  As  compared  with  the  present  wide- 
spread  'boom  and  bust'  method,  the  economie  utilization 
of  the  forest  resource  is  greatly  prolonged.  In  addition  to 
the  prolongation  of  the  period  of  commercial  return,  the 
indirect  value  of  the  maintenance  of  a  forest  cover  upon 
the  soil  loss  and  water  run-off  cannot  be  overestimated. 
'Sustainted-yield'  forestry  often  demands  extraordinarily 
skilful  management.  The  number  of  men  capable  of  it  may 
be  the  f  actor  limiting  its  use. 

The  inhabitants  of  equatorial  forest  regions  are  slow  to 
appreciate  the  indirect  influence  of  forest  growth  in  aff ord- 
ing  protection  against  adverse  climatic  conditions,  but  they 
would  be  more  disposed  to  protect  their  forests  if  they 
were  taught  how  to  use  them  more  fuUy.  J.  N.  Oliphant 
considers  that  low-cost  production  of  mill-sawn  timber 
should  be  fostered  and  could  be  developed  by  indigenous 
agencies,  as  distinct  from  the  selective  exploitation  by 
interests  with  capital  from  other  countries.  This  indi- 
genous development  has  been  very  successful  in  Malaya 
and  utilizes  large  quantities  of  low-grade  material  which 
selective  felling  leaves  untouched.  The  latter  is  a  wasteful 
and  impermanent  practice,  undesirable  from  the  standpoint 
of  the  forest  owner.  Any  type  of  forest  utilization  must,  of 
course,  be  carried  on  with  the  correct  silvicultural  prac- 
tices,  directed  towards  the  regeneration  of  the  protective 
cover. 


/y.  Texas,  US.  A.  Aerial  photo  graph  of  approxìmately  par  allei 
strìp-cropping.  Long,  gentle  slopes  broken  with  diversion  ditches 
moke  strip-cropping  a  practical  and  economical  method  of  erosion 
control.  See  page  126. 
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In  certain  regions  forest  destruction  is  due  to  fire. 
Measures  which  can  be  taken  to  prevent  fires  include  the 
cutting  of  firebreaks,  the  planting  of  fire-resistant  types  of 
trees,  and  the  organization  of  bush  fire  brigades  with  f  acili- 
ties  for  rapid  reporting  of  forest  fires  and  the  means  to 
control  them  as  far  as  possible. 

The  creation  of  special  forest  reserves,  supported  by 
comprehensive  forest  laws,  is  of  particular  value  in  regions 
of  shifting  cultivation,  or  where  there  is  a  tendency  for  the 
clearing  of  forest  for  agricultural  land  to  be  carried  to  ex- 
tremes.  Under  humid  tropical  conditions,  where  naturai 
regeneration  is  rapid,  the  practice  of  shifting  cultivation 
may  be  permitted,  provided  that  the  period  under  forest  in 
the  bush-fallow  field-crop  rotation  is  not  reduced  below 
the  minimum  which  permits  the  increase  in  fertility  in  the 
fallow  years  to  a  level  suitable  for  crop  production.  As 
practically  always  happens,  however,  this  interval  becomes 
too  short,  owing  to  increase  in  population  or  more  settled 
conditions  generally,  and  some  readjustment  is  advisable. 
Forest  reserves  then  become  necessary,  particularly  in 
watersheds  and  catchment  areas;  special  types  of  mixed 
f^rming  may  be  developed,  the  necessary  organic-matter 
content  of  the  soil  being  provided  by  animai  manure  or 
green-manure  crops  instead  of  by  the  bush  fallow.  The 
object  is  to  change  cultivation  from  a  shifting  to  a  perma- 
nent  type  adapted  to  the  conservation  requirements  of  the 
locality.  The  change  is  proceeding  in  Africa,  the  West 
and  East  Indies  and  other  parts  of  the  world,  although  not 
with  sufficient  speed  to  counteract  the  deterioration  re- 
sulting  from  too  frequent  return  to  the  same  plot. 

The  combination  of  suitable  forest  management  and  a 
stable  system  of  agriculture  is  a  problem  which  arises  in 
many  parts  of  the  world,  particularly  in  areas  with  a  dense 
native  population  with  large  requirements  as  regards  locai 

i8.  North  Carolina,  US.A.  Cross  section  of  a  Nichols  terrace. 
See  page  i^o. 
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suppKes  of  timber  and  fuel.  In  these  conditions  schemes 
such  as  the  Village  Forest  Areas  developed  in  Nyasaland 
may  be  snitable;  the  object  of  this  particular  scheme  is  to 
provide  each  village  with  an  area  of  w^oodland,  from  which 
the  natives  may  obtain  a  sustained  yield  of  poles  and  fìre- 
wood.  There  are  indications  that  a  maintenance  of  these 
communal  woodlands  will  become  a  fìrmly  established 
practice  as  the  headmen  perceive  its  value  and  the  bene- 
ficiai results  which  can  be  obtained  with  small  expenditure 
of  labour. 

A  particular  problem  of  reforestation  arises  in  con- 
nexion  with  the  control  of  tsetse-fly  in  tropical  Africa. 
In  the  past  it  has  been  said  that  tsetse-fly  control  and  ero- 
sion  and  flood  control  are  antagonistic,  because  of  the  dis- 
astrous  effects  of  widespread  clearing  of  'fly'  areas  in  terms 
of  accelerated  soil  loss  and  run-off .  Extensive  areas  of  bush 
and  forests  have  been  cleared  in  affected  areas,  particularly 
along  water  courses  and  around  stock  drinking  pools,  in 
order  to  permit  the  practice  of  animai  husbandry  with  a 
reasonable  degree  of  safety.  Since  the  spread  of  the  result- 
ing  erosion,  special  attention  has  been  given  to  this  question 
of  clearing  forest  'fly'  areas;  the  late  Dr.  C.  F.  M.  Swyn- 
nerton,  of  the  Division  of  Tsetse  Research  in  Tanganyika 
Territory,  stated  that  'wholesale  clearing  of  thickets  is  not 
generally  necessary;  clearing  should  be  extremely  localized 
and  discriminative,  being  based  upon  a  precise  knowledge 
of  what  the  fly  requires  and  of  what  are  the  least  modifica- 
tions  that  must  be  made  in  the  forest  if  the  insect  is  to  be 
displaced'.  By  selective  cutting  it  may  be  possible  to  leave 
trees  of  a  certain  height  or  type  without  reducing  the 
effectiveness  of  the  control  measures,  and  at  the  same 
time  to  do  much  to  conserve  the  soil  and  water  of  the  area. 
Owing  to  the  diiferent  habits  of  the  fly  in  different  areas 
and  at  different  altitudes,  such  selective  cutting  will  re- 
quire  a  very  specialized  knowledge  on  the  part  of  the  tsetse- 
fly  controller. 

We  now  come  to  the  questions  of  treatment  of  de- 
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graded  forest  lands  and  of  the  reforestation  of  deforested 
areas.  The  most  important  aspect  to  be  considered  in  any 
forest  reclamation  is  the  economics  of  the  operations.  The 
fact  that  land  may  have  to  be  retired  from  cultivation, 
grazing  or  grass  buming  prohibited,  or  fuel  and  timber 
cutting  reduced  immediately  introduces  a  number  of  eco- 
nomie problems.  In  addition,  the  economie  yield  from 
afforested  lands  is  often  low,  although  something  can  be 
done  in  certain  cases  to  increase  it.  Reforestation  must, 
therefore,  be  largely  the  concem  of  govemment  or  state 
bodies.  Interest  in  tree  planting  can  be  stimulated  by  propa- 
ganda, particularly  where  some  benefit  to  the  population 
or  the  f  arm  land  might  result. 

In  degraded  forest  areas  a  choice  has  to  be  made  be- 
tween  reclamation  by  ecological  methods,  or  by  reforesta- 
tion. Where  misuse  has  not  been  so  excessive  as  perma- 
nently  to  damage  the  forest  vegetation,  enclosure  of  the 
area  can  do  much  to  eneourage  the  naturai  ecological  suc- 
cession  towards  the  climax  type,  particularly  in  more 
humid  cHmates.  It  is  necessary  to  prohibit  grazing,  buming 
and  cutting.  Regeneration  of  the  tree  flora,  especially  in 
more  arid  areas,  may  possibly  be  accelerated  by  a  certain 
amount  of  engineering  work,  such  as  contour  furrows, 
gully  control  and  damming.  Striking  success  is  reported, 
f or  example,  from  the  use  of  a  system  of  contour  channels 
f or  arresting  the  run-off  in  the  poor,  open,  decrepit  forest 
which  covers  the  hills  in  what  was  formerly  laiown  as 
Chota  Nagpur  in  the  old  Bengal  Province.  By  encouraging 
the  water  to  percolate  into  the  soil  instead  of  running  to 
waste,  remarkable  growth  is  already  being  obtained  in 
areas  where  formerly  hollow,  stag-headed,  drought- 
stricken  trees  prevailed;  blanks  are  filling  up  with  regenera- 
tion and  the  density  of  stocking  is  increasing.  These  op- 
erations are  cheap  and  the  results  are  of  considerable  im- 
portance,  both  for  Bihar,  where  five-sixths  of  the  forest  is 
of  this  worthless  type,  and  also  for  other  parts  of  the  world 
similarly  affected.  Although  this  work  was  begun  only  in 
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1933,  the  construction  of  contours  on  steep  slopes  to  catch 
and  hold  water  for  the  use  of  tree  seedUngs  is  reported 
from  the  Punjab  as  far  back  as  1 880.  It  is  also  probable  that 
enclosures  and  protection  from  fire  and  grazing  will  do 
much  to  revive  the  f orest  areas  of  West  Africa  which  have 
degraded  as  the  result  of  excessive  shifting  cultivation  and 
too  frequent  return  to  the  same  area. 

Where  the  type  of  tree  characteristic  of  a  particular 
locality  has  not  great  powers  of  regeneration,  or  again 
where  conditions  are  too  arid  to  permit  the  naturai  revege- 
tation  to  proceed  sufficiently  rapidly  to  meet  the  require- 
ments  of  soil  and  water  conservation,  artificial  reforesta- 
tion  becomes  necessary.  It  is  difficult  to  generalize  upon 
this  question,  as  conditions  vary  so  widely  in  different 
parts  of  the  world.  Reforestation  may  be  intended  to  pro- 
vide a  permanent  cover  where  it  is  required  for  protective 
purposes,  or  it  may  be  adopted  to  give  a  f orest  cover  for  a 
given  period  of  years  only.  Deforestation  will  then  be  car- 
ried  out  and  the  land  used  for  agriculture  again,  but  with 
the  reservation  that  ali  the  principles  of  a  conservation  agri- 
culture  are  to  be  introduced  in  order  to  avoid  a  repetition 
of  the  soil  deterioration  which  made  the  reforestation 
necessary. 

The  methods  of  reforestation  based  on  the  silvicultural 
(forest  management)  practices  developed  in  Northern 
Europe  cannot  be  applied  with  great  success  under  widely 
different  conditions,  for  example,  in  the  countries  border- 
ing  the  Mediterranean.  In  order  to  study  the  particular 
problems  of  these  countries,  theref ore,  an  association,  'Silva 
Mediterranea',  has  been  formed,  from  the  experiments  and 
experience  of  which  much  valuable  inf  ormation  should  be 
derived. 

The  development  of  an  adequate  reforestation  technique 
suitable  for  regions  with  a  hot  and  arid  climate  has  been 
discussed  by  A.  Pavari^  and  other  ItaHan,  French  and 

^Experiments  and  Investigations  on  Reforestation  Technique  in  Regions  tvith 
a  Hot  and  Arid  Climate.  Publisher,  M.  Ricci,  Florence,  1930.  (In  Italian.) 
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Spanish  foresters.  The  Allegretti  system  which  has  been 
developed  for  these  conditions  depends  upon  the  thorough 
cultivation  of  the  soil  to  eradicate  the  useless  bush  and 
shrub  cover  (the  macchia)  ;  the  new  forest  areas  are  created 
by  sowing  seed  in  this  fresh  environment  from  which  root 
competition  has  been  eliminated  or  greatly  reduced. 
A.  Merendi  states  that  this  method  may  be  quite  suitable 
on  level  land  or  gentle  slopes,  but  on  the  steep  slopes  ero- 
sion  would  be  severe,  the  bare  soil  being  expose  d  to  the 
elements  until  the  forest  vegetation  became  established. 
As  an  alternative  the  terrace  or  gradone  method  is  recom- 
mended,  as  applied  over  thirty  years  ago  by  Montanari  in 
the  province  of  Aquila;  this  forester  created  magnificent 
black  pine  forests  on  calcareous  soils,  which  by  their 
aridity  and  lack  of  fertility  are  very  hostile  to  arboreal 
vegetation.  The  width  of  the  terraces  as  now  used  varies 
with  the  steepness  of  the  slopes;  the  upper  surface  slopes 
inwards  towards  the  slope,  to  an  extent  of  not  less  than 
30  per  cent.  These  terraces  are  therefore  equivalent  in 
their  action  to  contour  f urrows,  coUecting  any  soil  washed 
from  above  and  guiding  the  rain-water  into  the  soil,  in- 
stead  of  down  the  slopes,  to  the  benefit  of  the  vegetation. 
The  terrace  method  may  be  replaced  by  the  *pit'  method 
on  better  and  more  stable  soils  where  droughts  rarely 
occur.  It  is  claimed,  however,  that  for  steep  denuded  slopes 
in  droughty  areas,  the  terrace  method  is  the  only  one 
which  can  be  used  to  create  a  new  protective  cover  of 
forest.  The  method  is  being  used  in  the  vast  reforestation 
work  which  has  been  executed  by  the  Forestry  Militia  in 
Central  Italy. 

Apparently  the  sowing  of  tree  seeds  on  level  ground  or 
in  terraces  is  not  extensively  used  elsewhere,  the  more 
usuai  system  of  transplanting  seedlings  from  a  forest  nur- 
sery being  adopted.  The  species  selected  depend  upon 
the  locality  and  the  proposed  utilization  of  the  forest. 
Where  a  protective  forest  of  an  indigenous  type  is  re- 
quired,  but  cannot  be  grown  from  seed  or  established  by 
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planting,  as  in  parts  of  South  Africa,  temporary  planta- 
tions  of  eucalypts  and  pines  may  be  made,  in  which  the 
indigenous  f orest  may  regenerate  itself .  When  exotic  trees 
are  used,  however,  there  is  a  danger  that  the  loss  of  water 
through  transpiration  (the  giving  off  of  watery  vapour 
from  stems  and  leaves  of  plants)  may  be  so  great  as  to  bave 
a  serious  eifect  on  the  water  reserve  of  the  soil.  This  has 
actually  occurred  with  eucalypt  plantings  in  South  Africa. 
There  is  much  scope  for  research  on  the  diverse  uses  of 
trees  and  for  the  development  of  new  industries  which  will 
increase  the  economie  return  from  reforestation  schemes. 

Trees  also  play  an  important  part  in  the  development 
of  a  conservation  agriculture  on  cultivated  land  or  pas- 
tures.  The  protective  and  ameliorative  properties  of  a 
shelterbelt  of  trees  may  be  very  considerable.  The  use  of 
trees  in  arid,  semi-arid  and  other  lands  as  protection  against 
high  winds  has  been  known  for  some  time.  The  best- 
known  modem  example  of  shelterbelt  planting  is  the 
scheme  inaugurated  by  President  Roosevelt  for  tree  plant- 
ing in  the  Great  Plains,  a  scheme  which  received  much 
rather  misguided  publicity  in  the  press. 

The  first  recorded  planting  of  trees  for  shelterbelts  in 
Russia  was  made  in  the  early  nineteenth  century  by  Ger- 
man  farmer  immigrants  who  settled  in  the  steppe  region 
north  of  the  Crimea.  Again  between  1880  and  1886  many 
plantings  were  made,  on  such  a  spectacular  scale  and  with 
such  excellent  results  that  a  special  government  commis- 
sion  was  appointed  to  study  afforestation  of  the  steppes. 
Nine  objectives  were  placed  before  the  commission, 
namely:  (i)  protection  of  farms  from  wind,  (2)  aid  in 
ripening  grain,  (3)  decreasing  evaporation,  (4)  more  uni- 
form  distribution  and  retention  of  snow,  (5)  raising  the 
water-table,  (6)  decreasing  the  range  of  temperature  fluc- 
tuations,  (7)  the  attraction  of  rains,  (8)  raising  the  pro- 
ductivity  of  waste  unused  lands,  and  (9)  the  control  of 
soil  erosion  and  drifting  sands. 

Although  some   of   these   objectives   bave   not   been 
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realized,  at  least  six  of  the  originai  large  and  numerous 
plantings  stili  stand,  having  been  maintained  more  or  less 
continuously  as  experiment  stations.  The  interest  in  shelter- 
belts  lagged,  however,  until  192 1,  when  planting  was  re- 
vived  in  the  grain-producing  regions  subsequent  to  the 
severe  famine  of  that  year.  Later  the  establishment  of 
865,000  acres  of  shelterbelts  was  planned  in  the  second 
five-year  pian,  as  compared  with  the  maximum  of  1,282,- 
000  acres  in  the  United  States,  planned  to  be  spread  over 
ten  years. 

The  results  obtained  in  the  Russian  steppes  are  in- 
directly  applicable  to  the  shelterbelt  areas  in  western 
Canada  and  the  United  States.  Data  are  available  on  the 
lay-out  of  shelterbelt  areas,  dimensions  and  spacing  of 
units,  density  of  planting  and  specific  composition,  com- 
bination  of  shrubs  and  trees;  also,  the  preparation  of  sites 
fot  planting  and  the  general  silviculture  of  shelterbelts. 
Under  the  rigorous  conditions  of  Canada,  Russia  and 
Hungary,  reliance  is  chiefly  placed  on  indigenous  trees. 
However  they  may  be  explained,  the  Russian  data  from 
observations  on  wind  velocity,  humidity,  evaporation,  soil 
moisture,  soil  fertihty  and  even  precipitation  are  said  to 
give  much  supporr  to  the  ameliorative  value  of  a  shelter- 
belt. 

The  planting  of  shelterbelts,  inaugurated  in  the  United 
States  after  the  great  drought  of  1934,  is  being  carried  out 
within  a  zone  100  miles  wide  extending  through  the 
prairie-plains  region  from  the  Canadian  border  to  the  Texas 
Panhandle.  This  project  was  started  in  the  face  of  amazing 
misunderstandings  on  the  part  of  the  public  at  large,  who 
were  led  to  believe  that  a  solid  belt  of  trees,  1,000  miles 
long  by  100  miles  wide,  was  to  be  planted  from  Canada 
to  Texas,  either  to  abate  the  winds  or  increase  the  rainfall 
in  the  mid-westem  States.  Although,  under  certain  con- 
ditions, the  planting  of  solid  belts  of  forest  may  have  some 
eff ect  on  the  precipitation,  or  possibly  upon  the  efficacy  of 
the  rainfall,  this  was  not  the  purpose  of  the  American 
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shelterbelt  project.  Shelterbelt  management  is  only  one 
phase  of  Plains  management,  developed  in  harmony  with 
the  entire  land-use  pattern  of  the  region,  and  to  be  con- 
sidered  as  part  of  a  comprehensive  programme  of  agri- 
cultural  conservation.  The  inaugmration  of  a  special  Great 
Plains  forest  experiment  station  to  study  various  aspects  of 
the  problem  was  authorized  by  Congress  in  1936. 

According  to  Woodbridge  Metcalf,  windbreaks  prob- 
ably  receive  most  intensive  attention  in  the  citrus  region 
of  California.  With  a  hearing  orchard  worth  up  to  $5,000 
per  acre  a  considerable  amount  of  money  can  be  spent  on 
windbreaks  to  protect  the  trees  from  high  winds.  It  is  said 
to  be  economie  to  devote  io  per  cent  of  the  orchard  area 
to  windbreak  trees  and  to  spend  $  1 5  per  orchard  acre  on 
windbreak  maintenance.  Windbreaks  give  eifective  pro- 
tection  if  planted  300  to  400  feet  apart.  Wood  lattice 
frames  bave  recently  been  adopted  for  protecting  new 
orchards,  especially  while  the  windbreak  trees  are  becom- 
ing  estabHshed. 

In  the  semi-arid  southern  regions  of  the  prairie  prov- 
inces  in  Canada,  shelterbelts  are  also  being  used  and  valu- 
able  data  from  research  are  being  obtained  at  the  Soil 
Research  Laboratory,  Swift  Current,  Saskatchewan.  For 
example,  a  doublé  row  of  spruce  trees,  25  feet  in  height, 
reduced  the  velocity  of  the  wind  for  a  considerable  dis- 
tance  on  the  leeward  side;  even  at  a  distance  of  200  feet  the 
velocity  had  been  reduced  by  50  per  cent  and  the  retard- 
ing  action  was  noticeable  to  over  400  feet.  The  effect  of 
this  shelterbelt  on  evaporation  was  not  so  marked  as  on 
wind.  In  another  case,  the  effect  of  a  four-row  belt  of  the 
Russian  caragana  and  maple,  running  north-south  with  a 
crop  growing  to  the  east  of  it,  was  to  increase  the  yield  of 
a  wheat  crop  for  a  distance  of  150  feet  into  the  field;  this 
was  due  to  increased  moisture  resulting  from  snow  ac- 
cumulation,  and  not  to  any  particular  protective  effect 
of  the  trees  upon  the  crop. 

Although  the  establishment  of  trees  and  shrubs  in  these 
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arid  and  semi-arid  grassiand  soils  of  Russia  and  North 
America  necessarily  presents  certain  difficulties,  these  are 
being  overcome,  to  the  lasting  benefit  of  the  crop  lands 
and  the  morale  of  the  dweller  on  plains  or  steppes. 

The  tree  species  used  in  shelterbeits  vary  widely,  but 
representatives  of  the  native  flora  are  usually  included.  In 
Canada,  plantings  are  made  of  caragana,  Manitoba  maple, 
green  ash,  American  elm,  native  white  spruce,  Colorado 
spruce  and  Scotch  pine.  Farther  south  in  the,  American 
Great  Plains,  a  wider  range  of  species,  including  poplars, 
vi^illow,  elm,  ash  and  pines,  may  be  used.  In  most  plant- 
ings an  admixture  of  smaller  trees  and  shrubs  is  necessary, 
at  least  on  the  edge  of  the  belts,  to  act  as  a  sand  trap  or 
otherwise  to  protect  the  ground  around  the  taller  trees.  In 
other  countries  the  species  are  Cassia  sìamea  and  other 
types  including  eucalypts  in  Tanganyika,  acacias,  casu- 
arinas,  eucalypts  in  Western  Australia,  and  ecualypts  and 
poplars  in  the  Canterbury  Plains,  New  Zealand. 

The  technique  of  shelterbelt  planting  under  European 
temperate  conditions  has  been  highly  developed  in  Den- 
mark,  where  the  full  power  of  the  winds  from  the  North 
Sea  causes  serious  damage  to  crops  and  sand-drifting  in 
the  low-lying  peninsula  of  Jutland.  It  is  considered  that 
shelterbeits  give  protection  to  an  area  equal  to  ten  to 
twelve  times  their  height;  favourable  eifects  are  claimed 
upon  air  and  soil  temperature,  wind  velocity,  evaporation, 
relative  humidity  of  air  in  locai  areas,  and  increases  of 
yields  of  up  to  30  per  cent  for  some  crops  are  obtained. 

Finally,  the  conservation  forester  has  to  consider  the 
many  other  applications  of  trees  and  shrubs,  such  as  their 
use  in  guUy  control,  and  for  wild-life  refuges,  the  plant- 
ing of  fodder  trees  as  a  reserve  in  times  of  drought,  as  is 
done  in  South  Africa,  either  in  the  form  of  shelterbeits  or 
farm  woodlands,  and  the  incorporation  of  trees  in  a  high- 
way  planting  scheme,  along  the  lines  developed  in  Ger- 
many  with  f  ruit  trees  and  in  France  with  the  characteristic 
poplar  avenues. 
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Dust,  Dunes  and  Deserts 
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iVlucH  coNCERN  is  bcing  expressed  in  different  parts  of 
the  world  on  the  threat  of  the  desert,  in  those  'regions  of 
aridity  and  desolation  where',  as  Dr.  W.  C.  Lowdermilk 
writes,  'the  recklessness,  ignorance  and  hunger-drive  of 
man  have  supplemented  the  process  of  wind  and  water  ero- 
sion  in  destroying  vegetation  and  soils,  resulting  in  regional 
suicide'.  The  encroachment  of  sand  from  a  centrai  desert 
akeady  in  existence  upon  formerly  valuable  and  fertile 
country  has  a  spectacular  news  value,  especially  if  coupled 
with  theories  of  major  climatic  changes,  beyond  the  con- 
trol of  man,  which  are  favouring  the  growth  of  deserts. 

The  history  of  civilizations  is  a  record  of  struggles 
against  the  progressive  desiccation  of  agricultural  land,  but 
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this  land  was  reduced  to  a  state  of  desolation  and  poverty 
by  the  hand  of  man  more  than  by  climatic  change.  This 
man-induced  desiccation  is  stili  proceeding  at  the  present 
day  in  that  zone  of  delicate  ecological  balance  between  the 
humid  and  the  true  desert  climates  which  occurs  in  many 
parts  of  the  world.  The  deserts  of  Soviet  Central  Asia  are 
threatening  the  irrigation  systems  of  the  fields  and  gardens 
which  lie  along  the  river  valleys.  The  Sahara  is  being  aug- 
mented  by  large  areas  of  recently  denuded  and  desic- 
cated  land  on  the  south  and  south-west  towards  Nigeria, 
the  Gold  Coast  and  Sierra  Leone,  on  the  north-west  to  the 
f oot  of  the  High  Atlas,  on  the  north  to  Libya,  and  on  the 
south-east  towards  Kenya  and  Uganda.  The  great  Aus- 
traUan  desert  is  being  extended  in  the  zones  where  it  meets 
South  Australia,  New  South  Wales  and  south-westem 
Queensland. 

The  sandy  deserts  of  Turkestan  have  been  used  as  pas- 
tures  for  a  very  long  time,  particularly  for  Astrakhan 
sheep  and  partly  for  camels.  Or  the  great  flocks  of  sheep  in 
south-eastem  Kara  Kum,  which  formerly  supplied 
Bokhara  with  hides  to  the  value  of  fifteen  million  roubles, 
only  a  small  part  remains,  owing  to  the  overgrazing  of  the 
scanty  vegetation  of  the  deserts  and  the  areas  bordering 
them.  The  advancing  dunes,  no  longer  bound  by  the 
peculiarly  adapted  vegetation,  threaten  the  populations  in 
the  oases  and  narrow  river  valleys  and  each  year  bury 
large  areas  of  highly  fertile  irrigated  land.  The  extension 
of  cattle  raising  planned  since  the  revolution  is  likely  to 
add  to  the  denudation,  unless  the  measures  now  being 
taken  produce  their  effect.  The  saxaul  forests  of  Turk- 
menistan, representing  the  final  stage  in  the  ecological  suc- 
cession  on  the  sands,  are  the  best  means  of  binding  the 
sands  but  they  also  provide  the  natives  with  valuable  fuel. 
The  exploitation  of  this  resource  has  led  to  the  loss  of  the 
capacity  to  regenerate,  with  the  result  that  the  sands  de- 
prived  of  their  cover  begin  to  move  with  the  wind  and 
threaten  the  Turkestan  railway. 

Insì 
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Professor  E.  P.  Stebbing  has  written  extensively  on  the 
threat  of  the  Sahara  and  the  man-made  desert  in  Africa.  In 
West  Africa,  the  process  of  sand  invasion  or  encroach- 
ment  is  considered  to  be  due  primarily  to  the  practice  of 
shifting  cultivation,  as  the  method  of  farming  the  bush  or 
degraded  types  of  forest  characteristic  of  the  transitional 
zone.  With  an  increasing  and  more  settled  population  the 
same  areas  are  f  armed  again  at  shorter  intervals,  with  a  con- 
sequent  more  rapid  deterioration  of  the  fertility.  When 
the  soil  is  no  longer  suitable  for  cultivation,  it  is  used  for 
stock-raising,  first  cattle,  then  sheep  and  goats  as  the  vege- 
tation  becomes  poorer.  Under  the  final  excessive  grazing, 
browsing  and  annual  firing,  the  'savanna  succumbs  and  the 
desert  has  encroached  and  extended  its  boundaries'  (Steb- 
bing). In  other  words,  although  the  misuse  of  the  fringe 
of  the  desert  has  caused  the  transitional  zone  to  become 
desert,  it  is  not  correct  to  say  that  the  desert  has  *ad- 
vanced'.  The  soil  of  the  degraded  land  becomes  covered 
with  a  sandy  upper  layer,  gradually  increasing  in  depth. 
This  layer  is  presumably  the  result  of  decomposition  of 
the  originai  soil  and  not  an  accumulation  of  sand  brought 
from  the  adj acent  desert  by  wind  action. 

In  a  study  of  the  arid  regions  of  Northern  Nigeria  and 
the  French  Niger  Colony,  F.  S.  Collier  and  J.  Dundas 
doubt  whether  there  is,  as  has  been  claimed  by  some,  a 
naturai  process  of  desiccation  or  an  actual  encroachment 
of  the  desert  to  explain  the  deterioration  of  conditions 
which  has  occurred.  The  extent  of  the  Sahara  has  fluc- 
tuated  in  the  distant  past  with  oscillations  of  the  world's 
climate;  there  has  been  severe  desiccation  in  the  prehis- 
toric  past,  but  the  present  climate  is  more  humid  than  that 
of  the  immediate  geological  past.  'The  western  Sahara  is  a 
region  of  closed  drainage,  a  naturai  sink,  and,  even  with  a 
stable  climate,  conditions  in  such  an  area  might  be  ex- 
pected  to  deteriorate  rather  than  improve,  owing  to  river 
capture  on  its  outskirts,  flooding  and  induration  of  the  soil, 
progressive  silting  up  of  drainage  channels,  with  conse- 
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quent  progressive  loss  of  water  by  evaporation,  the  flood- 
ing  of  new  areas  and  drying  up  of  others.' 

Collier  and  Dundas  consider,  however,  that  there  is  good 
reason  for  anxiety.  The  region  has  always  been  a  potential 
famine  area,  with  a  soil  most  susceptible  to  damage  by 
overutilization  and  by  the  unrestricted  action  of  water 
and  wind.  The  rainfall  is  barely  adequate  for  agriculture. 
Soil  impoverishment  is  becoming  formidable,  deforesta- 
tion  is  proceeding  at  an  unprecedented  rate.  The  conclu- 
sions  of  a  more  recent  Anglo-French  survey  of  the  fringe 
of  the  Sahara  are  quoted  on  pp.  63-4. 

According  to  F.  N.  RatcUlFe,  erosion  and  soil  drift  have 
occurred  in  the  'bush'  country  (saltbush  shrub  steppe)  of 
South  AustraUa,  in  the  arid  pastoral  areas  which  receive  an 
average  annual  rainfall  of  less  than  ten  inches  and  are 
devoted  almost  exclusively  to  sheep.  Erosion  in  such  coun- 
try usually  liberates  only  a  relatively  small  amount  of  sur- 
face  drift,  but  this  is  very  destructive  to  seedlings;  the 
'bush'  cover  is  thus  replaced  by  shorter-lived  species.  More 
serious  drift  foUows  the  erosion  of  light  sandy  soils.  The 
fact  that  rabbits  prevent  the  naturai  regeneration  of  many 
species  of  trees  and  shrubs,  especially  Acacia  aneura,  the 
mulga,  is  considered  to  be  a  cause  of  loss  of  stability  of  the 
sandhill  country,  which  may  ultimately  result  in  the  rever- 
sion  of  great  areas  of  'scrub'  country  to  sandy  desert. 

The  man-made  desert  in  the  United  States,  the  now 
famous  and  possibly  exaggerated  Dust  Bowl  of  the  States 
of  Texas,  Oklahoma,  Kansas  and  Colorado,  is  not  directly 
comparable  with  the  foregoing  examples.  It  is  not  a  tran- 
sitional  zone  on  the  fringe  of  an  existing  desert,  but  was 
brought  to  an  almost  desert-like  state  by  over-cultivation 
of  the  originai  semi-arid  grasslands,  much  of  which  should 
not  have  been  ploughed  in  the  first  place. 

The  rehabilitation  of  these  great  areas  of  degraded  and 
deteriorating  sub-desert  lands  presents  many  characteristic 
problems,  some  of  which  must  inevitably  be  incapable  of 
solution.  The  process  of  deterioration  may  become  so 
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rapid,  and  that  of  rebuilding  the  originai  vegetatdon  so 
slow,  that  the  problem  is  extremely  urgent  wherever  it 
arises. 

The  reclaimer  of  man-made  deserts  has  to  become  con- 
versant  with  the  stages  in  the  ecological  succession  of  the 
vegetation,  both  towards  the  complete  desert,  and,  on  the 
upgrade,  towards  the  best  protective  vegetation  which  can 
be  obtained  under  the  circumstances.  He  must  also  study  the 
regeneration  of  the  soil  from  its  useless  state  as  sand  or 
dust.  As  emergency  measures,  he  must  be  able  to  fix  or 
otherwise  control  isolated  drifts  in  agricultural  land  and 
erect  temporary  protections  for  irrigation  channels  and 
other  Works.  Other  problems  indirectly  connected  with 
the  above  are  concemed  with  the  fixation  by  sand-binding 
plants  of  the  dunes  on  sea-coasts  and  lake  shores,  which 
may  become  dangerous  if  the  prevailing  wind  causes  them 
to  move  towards  ad j acent  agricultural  land.  Much  has  yet 
to  be  learnt  regarding  the  regeneration  of  the  desert  fringes 
before  the  principles  of  a  new  agricultural  system  directed 
towards  the  conservation  of  the  soil  and  vegetation  at  their 
highest  possible  forms  of  development  can  be  laid  down. 
Possibly  in  the  f  undamental  study  of  desert  and  semi-desert 
ecology  and  reclamation  the  Russian  workers  are  leading 
at  the  present  day. 

The  Bureau  of  Deserts  of  the  U.S.S.R.  Institute  of  Plant 
Industry  is  making  a  special  study  of  the  reclamation  of  ali 
the  Russian  deserts,  of  which  the  largest  area  occurs  in 
Central  Asia.  It  is  stated  that  from  three  and  a  half  to  four 
million  hectares  can  be  reclaimed  suiEciently  to  permit  the 
cultivation  of  specially  adapted  crops  and  vegetables,  while 
another  nine  to  ten  miUion  hectares  can  be  improved  to 
such  an  extent  as  to  provide  grazing  for  both  cattle  and 
sheep  under  conditions  which  must  be  strictly  controlied, 
because  of  the  unusual  environment.  The  work  is  being  car- 
ried  out  on  the  edge  of  present  settlements  and  along  river 
courses,  where  the  irrigation  systems  will  acquire  protec- 
tion  through  the  fixing  of  the  dunes  with  vegetation  and 
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the  increase  of  the  improved  agricultural  land  along  the 
edge  of  the  dunes.  The  pioneer  plant  on  these  Russian  sand 
dune  areas  (barkhans)  is  Artstida  pennata  var.  Karelini,  a 
large  sand  grass  which  can  stand  being  covered  almost  to 
the  tip  and  has  the  faculty  of  growing  through  the  sand; 
its  rather  coarse  forage  is  used  for  pasture  or  as  hay  for 
winter  feeding  of  cattle.  The  forage  resources  of  the  bark- 
hans are  poor  in  quality  and  quantity,  however,  and  they 
have  been  utilized  up  to  their  limit  in  the  past,  partly  owing 
to  the  fact  that  a  high  water-table  (level  of  underground 
water)  supplies  abundant  water  for  stock.  The  wells  occur 
at  a  distance  of  three  to  four  kilometres  from  one  an- 
other,  and  the  stocking  rate  is  about  one  to  three  hundred 
sheep  per  well. 

Experiments  in  recent  years  in  U.S.S.R.  have  proved 
the  possibility  of  cultivating  land  which  had  previously 
been  considered  unsuitable  for  agriculture.  For  example, 
experiments  in  the  Kara  Kum  desert  during  the  past  four 
years  have  shown  that  these  deserts  are  quite  suitable  for 
the  cultivation  of  many  plants,  including  mulberries. 
Specially  resistant  varieties  of  melons  are  grown  by  the 
nomads  of  the  centrai  Kara  Kum,  in  the  valleys  and  in  the 
moving  sands  dose  to  the  subsoil  water.  It  may  later  be 
possible  to  obtain  two  crops  of  melons  in  a  year.  Similarly, 
success  has  been  achieved  with  the  cultivation  of  lucerne, 
barley,  rye  and  some  fodder  cereals;  promising  results  have 
been  obtained  with  the  cultivation  of  grapes. 

The  problem  of  water  supplies  is  an  outstanding  one  in 
desert  and  semi-desert  areas.  In  Kara  Kum  it  is  planned  to 
create  new  oases  of  a  total  area  of  about  10,000  acres,  for 
which  subsoil  water  will  be  raised  by  windmills  and  other 
means.  It  is  not  yet  known  whether  the  salt  content  of  this 
water  will  be  too  high  for  agricultural  use,  as  is  the  case  in 
parts  of  Alberta.  Under  the  very  low  rainfall  conditions  of 
the  Central  Asian  deserts,  any  improvement  in  the  vege- 
tative cover  means  a  greater  drain  on  the  ground  water 
supply,  with  the  result  that  the  pioneer  herbage  may  again 
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become  extinct,  the  vegetation  proceeding  towards  the 
next  stage  in  the  succession,  that  of  deep-rooted  desert 
trees  such  as  the  saxaul  (Arthrophytum  haloxylon). 

The  aiforestation  of  drift  sands  is  also  in  progress  in 
Hungary,  in  the  vicinity  of  Kecskemét  to  the  south-east  of 
Budapest,  where  the  rainfall  is  about  twenty  inches  per 
annum  and  the  summers  hot  and  dry.  An  earlier  scheme  of 
aiforestation  was  carried  out  on  about  750  acres,  prin- 
cipally  with  the  black  locust  {Robinia  pseudoacacia) ,  but 
also  with  poplars,  birch,  alder  and  other  trees.  The  Robinia 
succeeded  only  on  the  better  sites,  being  replaced  where  it 
failed  by  Austrian  pine.  Naturai  regeneration  is  now  be- 
ing encouraged  by  the  adoption  of  a  selective  type  of 
felling  in  place  of  the  previous  clear-felling  on  a  30-year 
rotation.  A  dose  relationship  has  been  established  between 
soil  quality  and  plant  association,  the  types  of  associations 
depending  partly  upon  the  depth  of  the  water-table  and 
partly  upon  the  composition  of  the  sand.  The  seven  vege- 
tative types,  ranging  from  the  Festuca  vaginata  association 
to  the  Festuca  pseudovina-sulcata  association,  may  be 
linked  up  with  the  appropriate  tree  species.  It  is  therefore 
now  possible  to  select  planting  sites  for  Robinia ^  the  grey 
poplar,  the  Austrian  pine  and  the  Scots  pine,  and  the 
numerous  other  species  which  may  be  employed.  A  sub- 
association  of  the  Festuca  subovina  characterized  by  the 
presence  of  Fumana  vulgarìs  always  occurs  on  soil  very 
deficient  in  plant  nutrients  and  therefore  useless  for 
aiforestation.  The  chief  practical  diificulty  in  aiforesting 
these  drift  sands  lies  in  the  very  rapid  variations  in  site 
quality. 

An  example  of  success  achieved  in  the  use  of  vegetation 
in  the  reclamation  of  coastal  sand-dune  areas  may  be  seen 
in  the  Landes  de  Bordeaux,  where  extensive  pine  forests 
were  planted  many  years  ago  to  control  the  menacing 
sands  between  Bayonne  and  Bordeaux. 

In  Africa  the  problem  is  not  so  much  the  reclamation  of 
deserts  and  sand-dune  areas  as  the  regulation  of  grazing, 
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crop  cultivation  and  deforestation  in  the  desert  fringe  in 
such  a  way  that  the  extension  of  the  desert  shall  be  pre- 
vented.  The  chief  causes  of  the  deterioration  around  the 
Sahara  are  the  deforestation  and  soil  impoverishment 
necessarily  connected  with  the  practice  of  shifting  culti- 
vation, particularly  on  the  short-rotation  *bush  fallow*, 
the  overstocking  or  improper  stocking  of  the  savannas  and 
other  grassland  areas,  the  annual  buming  of  the  grass  to 
provide  succulent  new  growth  for  the  stock  or  to  assist 
the  hunters,  and  the  widespread  and  hitherto  unregulated 
destruction  of  the  f orest  and  other  vegetative  cover  associ- 
ated  with  tsetse-fly  control.  In  addition  to  the  losses  in  crop 
yields  and  carrying  capacity  which  these  malpractices 
entail,  the  maintenance  of  a  continuous  and  regular  water 
supply  and  possibly  also  of  a  sufEcient  rainfaU  is  a  related 
problem  of  great  importance  throughout  Africa. 

Professor  Stebbing  compares  the  situation  with  that  in 
India,  where  shifting  cultivation  and  annual  firing  bave  to 
some  extent  been  discontinued,  and  suggests  that  'it  is  for 
the  Administration  to  act',  not  through  the  slow  process 
of  educating  the  natives  but  by  the  introduction  or  meas- 
ures  directed  towards  the  early  removal  of  the  adverse 
factors  elaborated  above. 

F.  S.  Collier  and  J.  Dundas  discuss  measures  which  may 
be  applied  in  Northern  Nigeria,  these  being  concemed 
first  with  conservation  throughout  the  region  as  a  whole 
and  secondly  with  the  maintenance  of  the  fertility  of  the 
farmlands  while  retaining  them  under  crops.  The  problem 
confronting  the  French  farther  north  in  the  Niger  Colony 
is  quite  different,  being  concerned  with  the  rehabilitation 
of  a  country  which  has  lost  its  prosperity  through  a  com- 
plete reversai  of  the  flow  of  trade  and  the  development  of 
regions  dereUct  f  rom  lack  of  population.  In  the  arid  regions 
of  Northern  Nigeria,  'measures  for  regional  conservation 
involve  the  classification  of  land  according  to  use  and  the 
provision  of  safeguards  against  its  misuse.  Protection  is 
needed  in  the  first  place  for  areas  where,  in  the  opinion  of 
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geological  officers,  deforestation  would  bring  about  ero- 
sion,  exposing  the  underlying  rock  of  infertile  subsoil  and 
causing  irreparable  soil  damage;  or  would  result  in  loss  of 
control  of  run-off  in  important  catchment  areas.  It  is  fur- 
ther  necessary  to  segregate  those  areas  which,  owing  to 
lack  of  facilities  for  creating  a  permanent  and  adequate 
water  supply,  are  impossible  to  develop  into  permanent 
farmlands.  The  Veterinary  Department  should  determine 
what  lands  are  necessary  and  suited  to  provide  pasturage 
for  the  great  herds  of  nomadic  stock  that  contribute  so 
largely  to  the  wealth  of  the  country,  and,  in  an  emergency, 
for  the  cattle  which  are  essential  in  the  farmlands  for  the 
continuance  of  permanent  agriculture.  And  finally  it  has 
to  be  decided  what  areas  should  be  allocated  for  the  main- 
tenance  of  essential  supplies  of  fuel  and  forest  produce  for 
the  lands  under  agricultural  settlement.' 

The  practice  of  shifting  cultivation  can  do  no  perma- 
nent harm  to  the  soil  provided  that  an  adequate  interval  is 
permitted  between  each  cropping.  When  the  demand  for 
land  exceeds  the  safe  minimum,  it  is  essential  that  the 
bush-fallow  system  be  replaced  by  a  system  of  soil  im- 
provement,  either  with  green  manure  crops  or  animai 
manure,  the  latter  of  which  may  entail  the  extension  of 
mixed  husbandry  and  fodder  crop  cultivation.  The  re- 
placement  of  the  bush  fallow  by  manure  is  a  requirement 
which  has  been  realized  in  the  well-timbered  permanent 
farmlands  of  Kano.  There  is  a  possibility  that  the  expansion 
of  farming  and  the  development  of  continuous  cropping 
may  be  too  rapid  for  the  parallel  evolution  of  better  farm- 
ing and  manuring  methods. 

Alforestation  in  the  farmlands  of  Nigeria  is  to  be  re- 
garded  as  a  last  resort,  apart  from  the  planting  of  fruit  and 
fodder  trees  and  windbreaks.  The  necessary  measures  must 
be  directed  towards  provision  of  the  fodder  for  the  stock 

ip.  Java.  Terracing  and  preparation  of  land  prìor  to  planting 
coffee.  See  page  755. 
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essential  for  supplying  manure,  the  creation  and  conserva- 
tion  of  adequate  water  supplies  and  the  maintenance  of 
fuel  supplies,  ali  to  be  regarded  as  steps  in  the  progress 
towards  a  balanced  conservation  agriculture  adapted  to  the 
particular  conditions  of  the  area.  'Development  must  be 
considered  as  a  whole,  with  the  principle  in  mind  that  the 
greatest  benefit  to  the  individuai  is  by  no  means  invariably 
the  greatest  benefit  to  the  community'  (Collier  and 
Dundas) . 

The  problems  in  the  other  territories  which  fringe  upon 
the  Sahara  vary  in  detail,  but  the  same  principles  of  con- 
servation apply. 

South  Africa  contains  an  example  of  the  transf ormation 
of  a  vast  desert,  the  Kalahari,  originally  composed  of  a 
regular  succession  of  sand  dunes,  probably  quite  devoid  of 
vegetation,  into  a  savanna  forest,  a  naturai  reclamation 
probably  caused  by  a  change  of  climate.  The  other  great 
area  of  drif t  sand  in  this  part  of  Africa  is  the  Namib  sand- 
desert  in  South-West  Africa;  it  has  been  stated  that  this 
enormous  area  awaits  a  similar  change  of  climate,  such  as 
a  replacement  of  a  cold  current  by  a  warm  one  in  the 
southern  Atlantic,  before  naturai  reclamation  can  occur. 
The  aridity  of  the  climate  (1-2  inches  precipitation  per 
annum)  together  with  the  vastness  of  the  area  place  arti- 
ficial  reclamation  beyond  human  capacity.  In  addition  to 
this  area  of  five  and  a  half  million  acres  of  steadily  advanc- 
ing  sand  in  South-West  Africa,  there  are  some  90,000 
acres  in  the  Union,  by  far  the  greatest  majority  of  these 
occurring  in  the  south-westem  districts.  This  is  in  addition 
to  about  27,000  acres  which  were  reclaimed  up  to  1934. 

The  methods  used  for  drift  sand  reclamation  in  South 
Africa  are: 

(  I  )  the  erection  of  barriers  to  arrest  the  inflo w  of  sand 
at  the  origin  of  the  drif  ts,  or  along  their  sides  to  stop  lateral 
extension,  at  their  ends  to  protect  threatened  vulnerable 

[18,] 


VANISHING  LANDS 

objects,  or  on  the  crests  of  individuai  dunes  to  prevent 
their  moving  farther;  and 

(2)  covering  the  surface  wholly  or  partially,  depending 
on  locai  circumstances  or  design  of  the  reclamation 
scheme;  this  is  secured  by  bushing  either  entirely  or  in 
layers  or  strips,  or  by  planting  or  sowing  grass  or  other 
pioneer  vegetation; 

(3)  introduction  of  an  arborescent  crop  permanently 
to  stabilize  the  work.  Permanent  reclamation  is  impossible 
without  trees,  as  the  grasses  used  are  temporary;  by  stop- 
ping  sand-movement  they  kill  themselves. 

The  problems  of  the  future  of  pastoral  settlement  in  the 
semi-desert  belt  in  Australia  bave  been  studied  by  F.  N. 
Ratcliffe.  In  this  low-rainfall  country,  except  for  certain 
grass-plain  areas,  edible  evergreen  bushes  and  shrubs  forni 
an  important  fodder  reserve  for  stock  in  the  recurrent 
drought  periods.  The  deterioration  of  the  desert  fringe  is 
due  to  the  uncontroUed  grazing  of  the  valuable  saltbushes 
and  other  drought-resistant  shrubs  by  sheep,  foUowing 
overstocking  and  the  subdivision  of  the  land  into  areas  too 
small  to  allov^^  an  adequate  safety  margin  in  drought  years. 

Any  policy  of  rehabilitation  in  these  areas  of  Australia 
is  limited  by  the  low  value  of  the  land.  The  possibilities  of 
successful  plant  introduction  and  the  utilization  of  native 
species  for  the  stabilization  of  drift  are  shght,  chiefly  be- 
cause  of  the  climatic  conditions.  The  stocking  policy  must 
be  adjusted  in  equilibrium  v^^ith  the  vegetation;  nothing  the 
botanist  and  ecologist  may  ultimately  achieve  can  abolish 
the  necessity  of  placing  the  stocking  on  a  permanent  and 
scientifìc  basis.  Investigations  along  certain  lines  are  re- 
quired,  including  a  search  for  exotic  sand-binding  plants. 
The  data  obtained  at  the  Koonamore  Vegetation  Reserve 
regarding  the  rate  of  spread  of  saltbush  over  a  denuded 
area  provide  a  fair  indication  of  the  slowness  of  the  process. 
Even  in  a  paddock  three  miles  square  and  completely  sur- 
rounded  by  healthy  bush,  there  would  be  little  hope  of  the 
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re-establishment  of  a  saltbush  cover  by  naturai  seeding  in 
less  than  tw^enty  or  thirty  years,  however  favourable  the 
conditions.  Further,  except  in  the  case  of  small  shallow 
drifts  which  can  be  distributed  through  patches  of  low- 
growing  vegetation,  drift  sand  in  these  areas  will  not  be 
permanenti^  stabilized  as  a  result  of  the  naturai  processes 
of  ecological  succession  which  operate  to-day  in  the  arid 
pastoral  country. 

A  striking  example  of  the  utilization  of  wind  action,  the 
force  responsible  for  the  severe  erosion  damage,  to  rebuild 
a  severely  damaged  area  in  the  southern  Great  Plains  of 
U.S.A.  so  that  crops  were  produced  at  a  profit  within  one 
year  is  provided  by  the  work  near  Dalhart,  Texas,  under 
the  care  of  C.  J.  Whitfield  and  F.  C.  Newport.  In  a  field 
of  470  acres,  first  cultivated  in  193 1,  fifty-seven  sand 
dunes  were  found  in  a  survey  in  1936.  These  dunes  varied 
from  one  to  nine  feet  in  height  and  averaged  161  feet  in 
length  and  1 1 3  feet  in  width.  The  substratum  around  and 
between  the  dunes  was  hard  and  eroded  to  a  depth  of  ten 
to  twelve  inches.  The  remainder  of  the  field  was  hum- 
mocky.  The  entire  area,  including  the  dunes,  was  solidly 
listed  in  November  1936;  the  surface  was  left  in  a  cloddy 
state,  thereby  catching  the  material  which  moved  off  the 
sand  dunes,  causing  them  to  become  smaller  and  filling  the 
lister  furrows  with  sand.  Thus  the  damaged  land  was  re- 
built,  as  within  three  months  of  the  completion  of  the  list- 
ing  about  60  per  cent  of  the  material  had  been  spread  back 
over  the  field  and  the  number  of  dunes  had  decreased  from 
fifty-seven  to  twenty-nine.  In  the  following  summer  a 
good  cover  of  sorghums,  Sudan  grass  and  millets  was  ob- 
tained  on  this  derelict  field,  which  was  thereaf ter  reclaimed 
for  agricultural  use  and  no  longer  acted  as  a  menace  to 
surrounding  fertile  farmlands,  pastures  and  buildings. 

The  examples  which  bave  been  given  are  indications  of 
the  problems  which  arise  when  agriculture  is  carried  to 
the  fringe  of  the  deserts.  Deterioration  can  be  very  rapid 
when  the  delicate  ecological  balance  of  flora  and  fauna  is 
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disturbed  by  overgrazing  or  other  misuse.  When  once 
such  land  is  denuded,  regeneration  by  naturai  means  is 
generally  slow,  the  opposite  extreme  to  the  conditions  ob- 
served  in  the  humid  tropics.  Reclamation  of  degraded 
semi-desert  by  artificial  revegetation  is  in  ali  cases  difficult 
and  in  many  cases  impossible.  The  agricultural  scientist  is 
not  yet  qualified  to  recommend  any  definite  practices  for 
such  lands,  as  he  is  for  the  new  conservation  agriculture 
of  more  humid  regions.  Where  overgrazing  is  of  more 
recent  occurrence  and  has  not  been  so  excessive  as  to 
eradicate  the  grass  vegetation  completely,  enclosure  of  the 
grazing  lands,  as  in  British  Somaliland,  for  a  period  of  a 
few  years  only  will  be  of  great  benefit,  the  naturai  regen- 
eration being  rapid  and  striking.  This  serves  to  emphasize 
the  urgent  necessity  for  such  action  as  enclosure,  control 
of  grass  fires,  provision  of  wells,  better  distribution  of 
stock  and  other  moves  to  relieve  the  vegetation  from  the 
strain  which  is  being  put  upon  it  in  so  many  parts  of  the 
world. 

Another  type  of  man-made  desert  requires  consider- 
ation,  namely,  that  of  the  Great  Plains  of  the  United  States 
and  the  Prairie  Provinces  of  Canada.  In  this  great  region 
of  semi-arid  grasslands,  the  virgin  sward  was  ploughed  up 
to  grow  wheat  on  the  system  which  became  known  as 
dry  farming,  or  dry  land  agriculture.  The  basis  of  this 
system  is  a  rotation  of  grain  crop  and  fallow,  a  clean  culti- 
vated  fallow  alternating  with  one  or  two  years  of  wheat, 
on  the  assumption  that  sufficient  moisture  from  the  low 
rainfall  would  be  stored  in  the  soil  during  the  fallow  year 
to  meet  the  water  requirements  of  the  subsequent  crop. 
This  type  of  agriculture  has  led  to  severe  soil  drifting  in 
Western  America  and  Canada,  large  amounts  of  soil  being 
transferred  for  considerable  distances  in  extreme  cases  in 

20.  Illinois,  U.S.A.  Fair  of  photographs  showing  the  Borgs- 
miller  gully  before  and  after  planting  with  black  locust.  See  page 

139- 
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the  forni  of  dust  storms  or  'black  blizzards\  The  virgin 
soil  is  brought  to  a  condition  in  which  it  will  drift  or  blow 
by  the  breakdown  of  the  originai  crumb  structure  and  the 
decomposition  of  the  fibrous  root  systems  of  the  originai 
grass  vegetation.  The  fallow  lands  covered  with  this  loose 
dusty  soil  are  exposed  to  the  action  of  the  spring  winds  of 
the  Plains  and  much  damage  is  done. 

Although  the  f  undamental  causes  of  soil  drif  ting  are  not 
yet  fuUy  understood,  they  are  obviously  concemed  with 
the  action  of  wind  upon  loose,  dry  soil  unprotected  by 
vegetation  (aeoUan  erosion).  It  cannot  be  said  that  the 
passage  of  high  winds  over  dry  bare  soil  necessarily  leads 
to  drifting;  there  are  indications  that  there  is  a  turbulence 
in  the  wind  which  has  a  lifting  action  upon  the  finer  soil 
particles.  Temperature  may  also  bave  an  influence,  a 
change  in  direction  of  wind  accompanied  by  a  fall  in 
temperature,  but  without  any  reduction  in  velocity,  lead- 
ing  to  a  marked  decrease  in  the  severity  of  the  drifting. 

No  green  manuring  or  application  of  organic  matter  in 
the  form  of  farmyard  manure  can  be  adopted  in  a  dry 
farming  system.  The  former  would  remove  the  moisture 
required  for  the  wheat;  in  addition,  neither  the  green  man- 
ure crop  nor  the  organic  matter  would  decompose  under 
the  low  rainfall  conditions,  with  the  result  that  the  cereal 
crop  would  'bum'  and  no  yield  would  be  obtained.  Al- 
though drifting  is  most  extensive  on  summer-fallow  land, 
it  may  also  occur  on  land  on  which  a  regular  rotation  is 
adopted,  given  the  proper  combination  of  climatic  con- 
ditions and  soil. 

Drifting  does  not  arise  spontaneously  over  a  wide  area, 
but  tends  to  originate  at  certain  focal  points  (blow-outs) 

21  a.  Gully  erosion  in  South  Carolina.  More  than  40,000  tons 
of  soil  ivere  washed  from  this  gully  in  le  ss  than  eight  years.  Se  e 
Chapter  X.  21  b.  shows  the  same  gully  after  reclamation.  The 
banks  ivere  sloped  in,  black-locust  trees,  cereals  and  lespedeza 
plantedy  and  the  water  diverted  out  of  the  gully  at  the  head.  See 
page  139. 
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from  which  it  spreads  very  rapidly.  These  focal  points 
are  frequently  on  the  tops  of  knolls  or  ridges  or  similar 
places  where  the  soil  is  lighter  and  more  easily  blown. 

Small  locai  movements  of  drifting  soil  smother  near-by 
vegetation,  bury  fences  and  block  roadways.  The  larger 
soil  particles  bave  a  cutting  effect  on  tender  plants,  such 
as  the  stems  of  legumes.  There  can  be  no  more  desolate 
sight  than  a  region  seriously  affected  by  soil  drifting  and 
blowing,  and  the  effect  upon  the  inhabitants  is  extremely 
depressing  and  demoralizing.  AH  the  soil  may  blow  from 
the  fields  in  a  serious  dust  storm,  farm  buildings  become 
smothered,  water  supplies  choked  and  farm  machinery 
buried.  It  is  impossible  to  keep  the  fine  dust  out  of  the 
houses,  as  it  penetrates  through  the  smallest  openings  and 
gradually  covers  everything  indoors,  floors,  furniture,  bed 
and  food,  to  the  despair  of  the  housewif e,  both  on  the  farm 
and  in  near-by  towns  and  villages.  Breathing  becomes 
difficult  and  painf ul  and  pulmonary  disorders  f oUow.  Rec- 
ords  taken  of  the  number  of  dusty  days  at  Goodwell, 
Oklahoma,  during  the  five  years  1933-37  gi^^  ^  good  indi- 
cation  of  the  conditions;  during  the  first  four  years  there 
were  70,  22,  53,  and  73  dusty  days  respectively,  while 
from  January  i  to  August  i,  1937,  there  were  117. 

The  ecological  balance  of  the  originai  fauna  and  flora 
becomes  disturbed,  and  pests  bave  an  opportunity  to  do 
damage.  On  grassland  areas  the  superior  grasses  may  be 
choked  out  by  the  dust  or  burnt  up  by  the  hot  dust-laden 
winds.  Shelterbelts,  windbreaks  and  trees  around  the 
farmstead  are  smothered  or  die  because  of  the  lack  of 
moisture,  due  not  to  a  lower  but  to  a  less  eff ective  rainfall. 

Conditions  such  as  these  must  be  dealt  with  according 
to  their  severity.  In  badly  blown  farms  at  least  temporary 
abandonment  will  be  necessary  until  the  land  can,  if  possi- 
ble,  be  revegetated  and  protected  from  wind  action.  In 
such  cases  it  then  becomes  an  economie  problem;  if  an 
area  is  proved  to  be  useless  for  further  cultivation  it  must 
be  put  back  to  grass.  This  may  not  always  be  easy,  as  it  is 
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difficult  to  establish  grass  swards  from  seed  under  these 
condirions.  The  economie  problem  which  arises  if  an 
abandoned  farm  can  be  regrassed  is  concemed  with  the 
proper  utdlization  of  such  a  farm  subsequently.  In  many 
parts  of  the  United  States  alfected  by  wind  erosion,  the 
land  was  broken  up  into  small  farms  which  could  be  oper- 
ated  as  economie  units  under  wheat,  but  which  are  too 
small  to  provide  an  income  with  cattle,  owing  to  the  low 
carrying  capacity  of  arid  and  semi-arid  grassland  and  to 
the  deficient  water  supply  for  stock.  Measures  are  here 
necessary  to  increase  the  size  of  the  farm,  possibly  by  Fed- 
erai purchase  and  subsequent  lease  or  sale  under  covenants 
protecting  its  later  use,  or  through  extension  of  credit 
under  suitable  restrictions. 

Some  success  has  been  obtained  in  artifìcial  revegetation 
in  the  United  States  from  planting  small  sods  of  buffalo 
grass,  which  spreads  sufficiently  rapidly  to  provide  a 
ground  cover  and  protection  against  wind  erosion.  Aban- 
doned fields  will  revegetate  naturally  at  a  rate  which  de- 
pends  upon  the  interval  since  they  were  first  ploughed. 
The  length  of  time  required  for  the  naturai  reclamation  of 
abandoned  fields  by  the  more  desirable  grasses  varies  from 
twenty-five  to  forty  years  or  more,  depending  upon  the 
intensity  of  cultivation,  degree  and  management  of  graz- 
ing,  whether  abandoned  fields  were  enclosed  and  grazed 
with  adjacent  virgin  pastures,  proximity  of  tilled  fields  and 
pasture  land,  climatic  conditions,  soil  blowing,  topogra- 
phy,  slope  and  type  of  soil.  The  plant  succession  on 
abandoned  fields  generally  assumes  f our  rather  distinct  but 
overlapping  stages,  e.g.  (i)  annual  weeds  and  annua! 
grasses,  including  the  pioneer  Russian  thistle,  (2)  the  less 
palatable  short-hved  perennial  grasses  and  biennial  and 
perennial  forbs  (miscellaneous  plants),  (3)  short-lived 
perennial  grasses,  (4)  dominant  and  sub-dominant  peren- 
nial grasses  with  other  species. 

In  areas  where  blowing  and  drifting  have  been  less 
severe,  any  recurrence  of  the  removal  of  soil  may  be  pre- 
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vented  by  the  adoption  of  certain  agronomie  practices 
intended  to  break  up  the  amount  of  fallow  land  exposed 
to  wind  action  in  any  one  year  (strip-cropping  across 
wind),  by  growing  cover  crops  which  protect  the  soil  at 
the  dangerous  periods  of  the  year,  to  adopt  such  crop  ro- 
tations  as  locai  conditions  permit,  by  using  methods  of 
cultivation  which  will  leave  the  surface  of  the  ground  in 
a  rough  cloddy  condition  and  by  planting  windbreaks  and 
shelterbelts  of  hardy  trees  where  possible. 

Strip  farming  does  not  appreciably  alter  cropping  prac- 
tices in  a  summer  fallow-grain  rotation,  the  fields  merely 
being  subdivided  into  alternate  strips  of  fallow  or  grain. 
Strip-cropping  alone  will  not  entirely  control  soil  blowing, 
but  it  is  very  effective  if  combined  with  other  methods 
intended  to  secure  as  much  crop  residue  on  the  surface  as 
possible,  or  with  types  of  cultivation  which  maintain  the 
soil  in  a  lumpy  condition.  Where  it  is  the  practice  to  fal- 
low every  other  year,  alternate  strips  are  laid  down  to 
spring  grain;  if  the  land  is  to  be  fallowed  only  once  in  three 
years,  two  strips  are  sown  to  spring  grain  and  the  third 
fallowed.  Strips  are  usually  laid  down  approximately  at 
right  angles  to  the  most  frequent  winds.  It  is  found,  how- 
ever,  that  strips  actually  give  protection  against  winds 
coming  from  almost  any  angle;  even  if  the  wind  is  parallel 
to  the  strip,  the  damage  is  not  likely  to  be  severe  as  the  soil 
on  the  strips  has  not  been  brought  into  a  drifting  condition 
by  other  winds.  The  width  of  the  strips  varies  with  the 
severity  of  the  drifting;  the  practice  in  Western  Canada  is 
to  make  them  ten  to  twenty  rods  wide  although  strips  as 
narrow  as  five  rods  can  be  used  on  light  soils.  Some  strips, 
e.g.  in  Montana,  may  be  one  or  two  miles  long. 

Strip  farming  has  some  disadvantages.  The  soil  has  a 
tendency  to  ridge  at  the  windward  edge  of  the  stubble 
strips,  a  fault  which  may  be  overcome  by  proper  cultural 
methods.  Weeds  such  as  Russian  thistle  tend  to  grow  along 
the  edges  of  the  grain  strips;  grasshopper,  sawfly  and  other 
insect  pests  may  become  serious  under  strip-cropping. 
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Where  extremely  large  culrivation  and  harvesting  outfits 
are  used,  the  farmers  seldom  like  to  practice  strip  farming, 
but  with  ordinary  power  equipment  there  is  little  com- 
plaint,  and  the  cost  of  operation  is  not  appreciably  greater 
on  stripped  than  on  unstripped  land. 

There  is  one  serious  criticism  which  may  he  levelled 
against  the  summer  fallow-grain  rotation  system,  even  if 
strip-cropping  and  the  other  practices  described  below  are 
carefuUy  carried  out.  AH  these  special  measures  are  in- 
tended  to  off er  protection  to  the  surface  of  the  soil  against 
the  action  of  the  wind,  but  what  of  the  soil  itself  ?  To  the 
agriculturist  more  familiar  with  the  aims  and  objects  of 
crop  rotation  in  more  humid  conditions,  the  f  act  that  little 
or  no  organic  matter,  no  green  manure  crop  or  even  the 
valuable  fibrous  root  system  of  a  grass  crop  is  retumed  to 
the  land  will  appear  to  be  very  unorthodox.  Organic  mat- 
ter or  green  manure  cannot  be  added  for  the  reasons  given 
at  the  beginning  of  this  chapter,  but  something  should 
surely  be  done  to  incorporate  the  soil-binding  grass  root 
fibre  in  these  arid  areas.  The  only  things  that  are  retumed 
to  the  soil  in  a  dry-land  grain-f allow  rotation  are  the  rather 
poor  root  systems  of  the  grain  crop  and  some  crop  residues, 
while  even  the  weed  growth  is  controlied  by  repeated 
cultivation  on  the  fallow.  Thus  the  soil  passes  further  and 
further  from  its  naturai  grassland  type,  presumably  be- 
comes  more  and  more  dusty  and  certainly  decreases 
progressively  in  fertility.  It  is  possible  that,  in  very  arid 
areas,  where  irrigation  is  impossible,  a  choice  will  bave  to 
be  made  between  retuming  the  land  to  grass,  if  this  can 
stili  be  established  on  the  dusty  soil,  and  the  introduction 
of  a  very  drought-resistant  grass  into  the  rotation,  altemat- 
ing  f our  to  seven  years  with  one  to  three  years  of  wheat  ac- 
cording  to  the  severity  of  the  conditions.  The  difficulty  is 
to  find  a  grass  which  can  be  used  in  these  ways.  Crested 
wheat  grass  may  be  used  in  very  dry  areas  or  brome  grass 
in  less  extreme  conditions,  but  no  grass  is  known  which 
can  be  established  economically  on  drifting  soil  under 
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Western  Canadian  conditions.  Further  south,  Sudan  grass, 
millets  and  sorghums  may  be  used  for  this  purpose.  Possi- 
bly  in  Canada  some  of  the  new  hybrids  between  Trìticum 
species  (wheats)  and  the  grass  Agropyron,  i.e.  the  so- 
called  perennial  wheats,  may  be  found  to  be  of  value  for 
this  purpose,  particularly  if  large  seeded  varieties,  which 
may  be  sown  by  grain  machinery,  can  be  developed. 

The  use  of  crop  rotations  which  include  grass  and  inter- 
cultivated  crops  may  be  employed  to  advantage  in  regions 
receiving  adequate  precipitation,  or  with  a  sufKciently 
favourable  ratio  between  precipitation  and  evaporation. 
When  using  this  method,  the  productivity  of  the  soil  is 
restored  by  ploughing  in  the  organic  matter  or  root  fibre 
of  a  grass-legume  mixture  or  a  pure  sowing  of  either. 

Two  methods  of  summer-fallowing  bave  been  devel- 
oped on  the  Canadian  prairie  to  control  drifting.  The  more 
effective  is  the  ploughless  summer  fallow,  the  basis  of 
which  is  to  keep  down  weed  growth  without  burying  the 
stubble  or  other  trash  in  order  that  this  material  may  pro- 
vide a  'trash  cover'  on  the  surface  as  a  protection  against 
wind  erosion.  This  method  combined  with  strip-cropping 
effectively  controls  drifting,  in  addition  to  controlling 
weeds  and  conserving  soil  moisture  for  the  subsequent 
grain  crop.  Special  cultivating  implements  are  necessary 
for  this  method,  the  one-way  disk  or  the  duck-foot  culti- 
vator  being  used  in  conjunction  with  a  rod-weeder.  A 
maximum  of  about  four  or  five  cultivations  is  sufficient  to 
control  annual  weeds. 

The  other  method  of  summer-fallowing  is  the  ploughed 
summer-fallow.  Land  treated  in  this  way  is  by  no  means 
immune  to  soil  drifting,  but  on  certain  soils,  ploughing  at 
the  proper  season  to  a  depth  sufficient  to  turn  up  some  firm 
soil  to  form  a  cloddy  surface,  f oUowed  by  very  little  culti- 
vation  to  control  weed  growth,  is  a  reasonably  safe 
practice. 

Cover  crops,  consisting  of  a  late  summer  seeding  of 
spring  grain,  may  be  used  effectively  where  a  fair  rainfall 
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is  received.  Where  the  growth  is  good,  some  autumn 
pasturing  may  be  obtained  without  aif  ecting  its  protective 
value. 

Another  cultivation  practice  of  great  value  in  preventing 
soil  drift  and  blowing,  but  more  particularly  in  conserving 
moisture  from  rain  or  snow,  is  that  of  ridging  or  listing 
the  land  (Figs.  31^  and  b),  with  special  machinery 
adapted  for  the  purpose.  The  particular  merit  of  basin- 
listing  in  the  coUection  and  Storage  of  moisture  is  obvious. 
This  practice  is  used  extensively  in  the  arid  Great  Plains 
of  the  United  States,  and  also,  according  to  Dr.  L.  Dudley 
Stamp,  in  West  Africa;  bere,  however,  the  natives  bave  not 
the  advantage  of  the  special  types  of  basin-listers  which 
bave  been  developed  in  the  United  States  to  throw  up  the 
dams  within  the  rows.  After  listing,  the  land  may  be 
levelled  before  sowing  or  the  grain  or  corn  may  be  sown 
in  the  hoUows  between  the  ridges,  thus  gaining  some  pro- 
tection  and  concentration  of  moisture  until  the  plants  are 
well  established. 

Proper  methods  of  summer-fallow  and  crop  rotations 
provide  excellent  control  for  many  insect  pests,  in  addition 
to  the  advantages  already  noted,  but  the  incorrect  use  of 
these  methods  may  seriously  aggravate  the  situation. 
Where  one  or  more  insect  pests  are  likely  to  cause  eco- 
nomie crop  losses,  the  recommendations  for  the  control 
of  soil  drifting  must  be  adapted  to  meet  these  insect 
problems. 

Under  suitable  conditions,  also,  windbreaks  composed 
of  hardy  drought-resistant  trees  may  be  planted  at  intervals 
between  the  strips,  thereby  breaking  the  full  force  of  the 
wind  and  giving  some  protection  to  the  crop  between. 
This  question  is  considered  more  fuUy  in  Chapter  XII. 
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CHAPTER  XIV 

Water  Conservation  and  Flood  Control 


Doivnstream  versus  upstream  flood  control.  The  hydrologìc 
cycle.  Conserving  run-off  in  the  headnvaters.  The  economtcs 
of  upstream  control.  Upstream  reclamation,  surface  run-off 
and  Storage  in  the  underground  water-table.  Siltation  of 
reservoirs  and  irrigation  systems.  Requirements  of  upstream 
and  doivnstream  inhabitants  and  industries  must  he  con- 
sidered  jointly.  Water  conservation  on  semi-arid  lands.  The 
basin-lister.  Trenches  for  reforestation.  The  water  supplies 
for  irrigation.  Much  stili  to  he  learnt  atout  water  conserva- 
tion and  the  hydrologìc  cycle.  The  ground-water  resources 
of  East  Africa. 


Th 


.HE  AVERAGE  MAN  thinks  of  flood  control  as  entailing 
the  construction  along  river  courses  of  protective  walls, 
earth  embankments  or  levees.  He  thinks  of  water  conserva- 
tion as  the  Storage  of  reserve  supplies  in  reservoirs  for  hu- 
man use  or  the  guidance  of  streams  in  aqueducts  for  use 
in  driving  power  plants  or  for  irrigation  schemes.  A  river, 
however,  should  not  require  to  be  embanked  excessively 
to  control  floods.  In  course  of  time  it  will  erode  its  own 
bed  through  the  plain  to  a  depth  sufficient  to  keep  the 
waters  between  the  banks,  except  under  very  abnormal 
conditions  of  flow.  But  when  eroded  soil  from  upstream 
regions  fiUs  the  bed  in  the  plains,  and  excessive  run-off 
from  eroded  land  makes  the  once  abnormal  flows  norma! 
occurrences,  an  artificial  and  dangerous  passage  for  the 
river  has  to  be  built  above  the  level  of  the  plain.  Costly 
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and  seldom  fully  effective  'downstream'  flood-control 
Works,  which  do  not  touch  the  cause  of  the  flood,  have  to 
be  constructed  because  'upstream'  engineering— the  pre- 
vention  of  the  excessive  run-off  and  erosion  which  cause 
the  floods— has  been  neglected. 

AH  pattems  pertaining  to  upstream  engineering  depend 
ultimately  upon  the  hydrologic  cycle,  i.e.  the  movement 
of  water  as  it  relates  to  the  earth.  Hydrology  cannot  yet 
be  called  a  science,  firstly  because  of  the  great  complexity 
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of  the  hydrologic  cycle,  and  secondly  because  of  the  lack 
of  adequate  observational  data  which  may  be  used  to  pro- 
duce accurate  scientific  deductions.  The  major  elements 
in  the  hydrologic  cycle  are  clearly  indicated  in  the  diagram 
presented  below.  This  may  suggest  that  the  cycle  of  pre- 
cipitation,  infiltration,^  run-off,  evaporation  and  condensa- 
tion  to  precipitation  again  is  an  obvious  and  simple  se- 
quence  of  naturai  events.  Although  ali  the  factors  are 
known,  little  is  known  about  their  interrelationships,  and 
the  facts  which  are  essential  in  the  co-ordination  of  differ- 

^Passage  of  water  down  through  the  soiL 

[  ^93  ] 


VANISHING  LANDS 

ent  Systems  of  land  and  water  use.  It  is  obvious,  however, 
that  flood  control  is  as  much,  if  not  more  a  matter  of  the 
headwaters  and  their  control  than  of  the  erection  of 
enormous  protective  structures  in  the  lower  reaches  of 
the  rivers. 

Probably  in  few  cases  where  floods  now  occur  will  it  be 
possible  to  dispense  with  downstream  engineering  works, 
at  least  for  some  considerable  time  to  come,  but  the  vaine 
of  these  works  in  their  present  state  can  be  greatly  in- 
creased  by  the  adoption  of  ali  possible  conservation  prac- 
tices  in  the  headwaters.  The  water  which  accumulates  in 
streams  and  rivers  may  arrive  in  two  ways,  either  as  surf ace 
run-off  or  from  the  ground  water-table  in  the  form  of 
seepage  water  or  springs.  It  is  obvious  from  the  frequent 
references  which  have  been  made  in  the  foregoing  chap- 
ters  to  the  measures  which  can  be  adopted  to  control  ex- 
cessive  run-off  that,  in  spite  of  the  complexity  of  the 
hydrologic  cycle,  something  can  be  done  under  most  cir- 
cumstances  to  influence  the  amount  of  run-off  water 
which  passes  direct  into  the  rivers,  frequently  causing  them 
to  flood.  Other  references  have  already  been  made  to  the 
action  of  f orest  or  grass  covers  in  guiding  rain- water  safely 
to  the  underground  Storage,  from  which  it  reappears  over 
a  considerable  period  from  springs  and  seepage,  maintain- 
ing  a  steady  supply  to  the  river  in  place  of  the  sudden  rush 
of  run-off  water  which  foUows  an  excessive  downpour  on 
a  non-retentive  watershed.  The  adoption  of  cultural  and 
other  practices  to  reduce  run-off  and  soil  wash  and  the 
maintenance  of  a  good  vegetative  protective  cover  are  the 
bases  of  effective  upstream  engineering  in  any  part  of  the 
world.  The  reduction  of  the  run-off  will  mean  that  more 

22  a.  Bìsect  shoivìng  relation  of  roots  and  tops  of  grasses  and 
forbs  in  a  typical  short-grass  area  in  West  Central  Kansas.  Note 
the  very  definite  root  layer  formed  by  the  grasses  and  the  deeper 
one  by  coarse  forbs.  22  b.  Bisect  showing  relations  of  tops  and 
roots  of  grasses  and  forbs  typical  of  the  big  bluestem  type  of 
prairie  in  West  Central  Kansas.  See  page  144. 
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water  is  passing  into  the  soil  and  to  the  water-table,  that 
streams  will  have  a  steadier  supply;  the  vegetation  which 
facilitates  this  transit  generally  itself  benefits  from  the 
higher  water-table,  at  least  in  semi-arid  climates,  and  thus 
the  vicious  cycle  of  denudation,  erosion  and  flood  changes 
to  the  beneficent  cycle  of  revegetation,  water  Storage,  soil 
retention  and  reduction  in  the  number  and  height  of 
floods. 

The  processes  of  degeneration  in  a  watershed  or  catch- 
ment  area,  resulting  from  excessive  clearing,  buming  or 
overgrazing,  may  result  in  flood  damage  in  a  very  short 
time,  whereas  the  processes  of  regeneration  are  slow,  the 
rate  of  revegetation  decreasing  with  an  increase  of  the 
period  since  the  denudation  began.  Thus  again  we  must 
conclude,  as  we  have  already  stated  in  the  chapter  on  the 
advance  of  the  desert,  that  the  urgency  of  the  commence- 
ment  of  reclamation  work  in  affected  watersheds  and 
catchment  areas  cannot  be  over-stressed.  It  is  not  neces- 
sary  to  quote  examples,  as  the  problem  arises  in  ali  coun- 
tries  suff ering  from  erosion,  whether  temperate  or  tropical, 
arid  or  semi-arid. 

The  first  step  (following  a  survey  of  the  conditions  in 
any  particular  watershed  and  catchment  area)  is  to  stop  the 
type  of  misuse  of  land  which  has  caused  the  trouble, 
whether  this  be  def orestation,  fire,  overgrazing  or  excessive 
cultivation  of  steep  slopes.  This  immediately  brings  in  the 
economie  factor.  The  area  to  be  treated  may  be  far  from 
any  town  or  other  community  and  may  be  quite  unin- 
habited,  except  for  the  tree  fellers  or  graziers,  or  it  may 
contain  settled  agricultural  communities  whose  land-use 
system  may  be  difiìcult  to  change  without  an  economie 
upheaval.  Large  valley  communities  or  Industries  may 
willingly  undertake  colossal  schemes  to  counteract  floods 
and  prevent  damage  to  their  interest  in  the  actual  valleys, 
but  the  little  waters  in  the  upper  part  of  the  watershed 
have  been  considered  to  be  beyond  the  scope  of  their  ac- 
tivities.  When  the  conservation  operations  are  commenced 
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upstream,  they  must  necessarily  be  simple  and  inexpensive. 
Even  so,  in  the  analysis  of  costs  and  benefits,  the  technique 
for  measuring  expenditure  and  receipts  employed  by  pri- 
vate industry  is  inadequate  for  calculating  the  cost  of  con- 
servation  works  for  three  major  reasons.  'It  seldom  takes 
into  consideration:  first,  multiple  uses  and  benefits;  second, 
ìntangtble  uses  and  benefits  that  cannot  be  measured  in 
terms  of  money,  and  sold;  and  third,  costs  or  losses  that 
are  being  experienced  and  will  continue  to  be  experienced 
if  the  contemplated  measures  of  conservation  are  not  pur- 
sued.  Social  accounting  is  quite  a  diff erent  order  or  ac- 
counting  from  that  employed  by  private  industry.  Private 
accounting  is  the  accounting  of  acquisition  and  the  preser- 
vation  of  ownership;  social  accoimting  is  the  accounting  of 
the  satisfaction  of  need  and  the  prevention  of  losses  of 
human  and  physical  assets'  (Morris  L.  Cooke,  Rural  Elec- 
trification  Administration,  U.S.A.). 

In  a  watershed  or  drainage  basin  which  has  been  de- 
forested  by  tree  cutting  or  burning,  a  certain  percentage 
of  the  area  should  be  reserved,  particularly  on  the  steeper 
slopes  and  along  the  stream  banks.  If  the  damage  has  been 
severe  and  naturai  regeneration  is  slow,  some  planting 
operations  may  be  necessary,  with  possibly  the  construc- 
tion  of  contour  ditches  to  guide  the  water  into  the  soil. 
Where  the  cost  is  justified,  these  contour  ditches  or  fur- 
rows  on  f  orest  or  range  land  are  built  to  a  capacity  calcu- 
lated  to  retain  the  maximum  rainfall  per  hour  known  for 
the  locality.  If  erosion  has  already  been  serious,  a  certain 
amount  of  guUy  control  may  be  necessary.  Overgrazing 
or  firing  of  grassland  or  pastures  must  be  prevented,  and 
the  rested  vegetation  will  receive  much  benefit  from  any 
system  of  contour  furrowing  which  may  be  adopted. 

Some  of  the  cultivated  land  may  bave  to  be  retired  from 
production,  while  on  the  remainder  the  various  practices 
for  conserving  moisture  described  in  Chapter  IX  will  be 
necessary.  In  particular,  the  simpler  of  these,  such  as  con- 
tour cultivation  and  planting,  strip-cropping  and  so  on, 
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are  specially  applicable  to  the  upper  regions  of  the  drain- 
age  basin.  As  one  proceeds  downstream  and  the  land  be- 
comes  more  valuable,  the  more  elaborate  methods  such  as 
terrace  construction  can  be  used  economically. 

With  the  adoption  of  these  simple  practices  in  the  up- 
stream  reclamation  work,  the  amount  of  surface  run-off 
will  be  greatly  reduced  and  the  amount  of  water  added 
to  the  ground  water-table  greatly  increased.  A  proportion 
of  the  surface  run-off  may  be  safely  stored  by  the  con- 
struction of  small,  inexpensive  dams,  but  the  Storage  of  the 
underground  water-table  is  much  more  important.  A  mem- 
ber  of  the  Tennessee  Valley  Authority  has  stated  that  if 
the  water-table  of  the  Tennessee  Valley  could  be  raised 
only  six  inches,  it  would  mean  the  additional  Storage  of 
26,000,000  acre-feet  of  water,  four  times  the  capacity  of 
the  Norris  reservoir. 

The  passage  of  more  of  the  rainfall  to  the  underground 
Stores  means  that  there  is  less  surface  run-off  to  find  its 
way  direct  into  the  stream  or  river  and  that  the  reduced 
run-ojff  has  less  power  to  erode  and  acquire  a  load  of  silt 
to  be  carried  to  the  river.  Instead  of  depending  upon  the 
unreliable  rise  and  fall  of  surface  water  supply,  which 
varies  with  the  frequency  of  the  rainfalls,  the  river  re- 
ceives  a  much  more  stable  and  reliable  supply  from  the 
springs  and  seepage  waters  fed  from  the  underground 
water-table. 

The  silt  load  carried  by  rivers  is  an  important  aspect  in 
any  conservation  programme  (Table  III).  The  run-off 
water  from  an  eroding  area  of  land  carries  with  it  a  load 
of  silt  in  suspension,  which  is  not  deposited  completely 
until  the  velocity  of  the  stream  flow  is  reduced  by  a  re- 
duction  in  gradient.  There  are  innumerable  examples  in 
the  United  States  of  the  complete  silting  up  of  lakes  (Figs. 
29  dt  and  b)  and  reservoirs,  some  of  which  were  construc- 
ted  at  enormous  expense  and  were  intended  to  supply  large 
communities  and  Industries.  Irrigation  systems  ali  over  the 
world  bave  been  blocked  and  disorganized  by  the  deposi- 
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Table  III.  Material  carried  in  solution  and  in  suspension 
BY  American  rivers^ 


J»  • 

Location  at  luhich  samples 

In  solu- 

In  suspen- 

Solids per 

River 

iMere  collected 

tion,   parts 

sion,  parts 

square 

per  million 

per  million 

mile,  tons 

Mississippi     - 

Minneapolis,  Minn.    - 

200 

8 

6 

Mississippi    - 

Jefferson    Barracks, 

Mo.       -        -        - 

206 

964 

250 

Missouri 

Kansas  City,  Mo. 

426 

2,032 

286 

Ohio     - 

Cincinnati,  Ohio 

120 

230 

363 

Tennessee     - 

Gilbertsville,  Ky. 

lOI 

127 

200 

Arkansas 

Little  Rock,  Ark.      - 

630 

748 

145 

Kennebec     - 

Waterville,  Me. 

48 

4 

7 

Susquehanna- 

Williamsport,  Pa. 

74 

18 

30 

Colorado 

Austin,  Tex. 

231 

351 

26 

Colorado 

Yuma,  Ariz. 

710 

5i354 

387 

Rio  Grande  - 

El  Paso,  Tex.   - 

700 

14,140 

418 

St.  Lawrence 

Ogdensburg,  N.  Y.    - 

134 

Trace 

I 

tion  of  silt.  Cultivated  valley  lands  in  Turkey  and  Java, 
for  example,  have  been  seriously  affected,  the  cultivation 
of  rice  being  made  difficult  or  impossible  by  the  deposition 
of  infertile  soil  carried  in  the  water  from  the  hills  above. 
Other  downstream  activities,  such  as  harbour  develop- 
ment,  navigation  channels  and  f  actories  are  directly  affected 
by  the  silt  load  of  the  ri  ver  upon  which  they  are  situated. 
Any  appreciable  reduction  in  this  silt  load  must  therefore 
affect  a  large  number  of  varied  interests. 

Where  valley  communities  and  interests  require  a  great 
deal  of  water  for  human  and  industriai  uses,  it  may  be 
argued  that  their  supplies  might  be  affected  by  the  over- 
congumption  of  water  in  the  upper  reaches  of  a  river.  Too 

^Bennett,  H.  H.,  U.S.  Dept.  Agric,  Graduate  School,  Lecture  I,  Jan.  30, 
1928.  Quoted  from  Conservation  of  the  Soil,  by  A.  F.  Gustafson. 


25.  Texas,  US. A.  Pasture  furroiving.  Lines  run  at  horizontal 
intervals  of  approximately  thirty  feet;  tivo  furroivs  are  made  on 
each  line  ivith  a  six-foot  spacìng  of  the  furroiv.  See  pages  148 
and  14^. 
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many  dams,  especially  in  a  dry  climate  such  as  parts  of 
East  Africa,  may  mean  too  much  evaporation,  while  the 
transpiration  from  certain  types  of  vegetation  may  be  ex- 
cessive.  If,  however,  the  pian  of  water  and  soil  conserva- 
tion  is  worked  out  for  an  entire  drainage  system  as  an 
entity,  the  requirements  of  both  upstream  and  downstream 
inhabitants  and  industries  can  be  considered  and  met  by 
the  final  scheme  of  operations.  Such  a  principle  has  ai- 
ready  been  adopted  in  the  United  States,  for  the  organiza- 
tion  of  demonstration  projects  of  the  Soil  Conservation 
Service  and  more  recently  for  the  Soil  Conservation  Dis- 
tricts.  The  organizatioji  of  most  of  the  projects  in  distinct 
catchment  areas  has  made  it  possible  to  measure  the  rela- 
tive effects  of  ali  the  conservation  practices  adopted  within 
the  catchment  area  in  terms  of  the  amount  of  water  flow- 
ing  from  diiferent  subdivisions  of  the  area  as  well  as  the 
total  flowing  out  of  it.  This  is  done  by  installing  water- 
flow  gauges  at  suitable  points. 

The  cultivation  of  crops  on  semi-arid  lands  introduces 
special  problems  of  water  conservation  for  the  require- 
ments of  crop  growth  and  irrigation.  Here  it  is  not  only  a 
question  of  preventing  excess  run-off ,  but  also  of  conserv- 
ing  the  whole  precipitation  in  the  most  efficacious  man- 
ner.  The  disastrous  effects  of  droughts  are  considerably 
reduced  if  ali  measures  are  taken  to  conserve  whatever 
rainfall  is  available.  Even  more  than  in  regions  with  greater 
humidity,  however,  the  effects  of  upstream  water  con- 
servation, Storage  and  use  may  be  seen  in  a  reduction  of 
the  water  supply  available  for  downstream  activities;  new 
irrigation  schemes  require  large  amounts  of  water,  and  the 
evaporation  from  semi-arid  lands  is  greater  than  in  more 
humid  areas.  Conservation  schemes  in  river  basins  in  semi- 
arid  countries  must  therefore  be  carried  out  with  a  full 
knowledge  of  their  effects  on  downstream  operations,  and 
conversely,  great  new  irrigation  or  hydro-electric  schemes 
in  the  lower  valleys  should  not  be  planned  without  a  clear 
knowledge  as  to  what  amount  of  their  water  supplies 
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represents  excessive  or  erratdc  run-off  from  eroding  hills 
and  valleys  in  the  upper  parts  of  the  watershed. 

The  main  object  of  practices  for  conserving  rainfall  in 
arid  regions  is  to  increase  the  amount  of  moisture  avail- 
able  for  the  crop  plants  rather  than  to  add  to  the  ground 
water-table  with  the  idea  of  guiding  the  water  steadily 
to  its  outlet  as  springs  or  seepage.  The  system  of  *dry- 
farming'  has  been  developed  whereby  the  rainfall  of  one 
year  is  stored  in  the  soil  until  the  next,  when  the  two 
years'  accumulation  will  be  sufficient  for  the  growth  of 
the  crop.  This  necessitates  clean  cultivation  in  the  fallow 
year,  in  order  to  prevent  weeds  from  utilizing  the  accumu- 
lating  moisture.  More  recent  adaptations  of  dry  land  agri- 
culture  bave  been  made,  and  are  described  in  Chapter  XIII. 

The  establishment  of  forest  plantations  for  protective 
purposes  in  arid  climates  introduces  special  problems.  The 
technique  which  has  been  developed  for  the  particular 
conditions  of  the  Mediterranean  countries  has  already  been 
described  (Chapter  XII);  the  'gradone'  type  of  forest 
planting  is  also  being  tried  in  the  United  States.  In  the  arid 
western  range  country  contour  trenches  are  constructed  in 
steep  grass  and  scrub  lands,  with  lasting  benefits  to  vegeta- 
tion  and  soil;  further  degeneration  of  existing  depleted 
stands  is  immediately  stopped,  and  naturai  regeneration 
facilitated.  Similar  types  of  trenches  bave  been  tested  in 
degraded  forest  lands  in  India;  although  it  is  claimed  that 
marked  regeneration  occurs,  there  is  some  difference  of 
opinion  regarding  the  value  of  the  method  as  used  in  that 
country,  and  particularly  of  the  economical  aspect  of  the 
question. 

Grandiose  schemes  of  irrigation  of  fertile  valley  lands 
are  frequently  put  forward  as  a  cure  for  the  agricultural 
troubles  of  a  country,  but,  as  already  noted,  the  source  of 
the  water,  its  silt  load,  its  permanency  and  the  conserva- 
tion  requirements  of  the  upper  watershed  must  also  be 
considered  carefully.  Whether  the  irrigation  is  to  be  car- 
ried  on  with  floodwaters  from  permanently  flowing  silt- 
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laden  rivers,  or  with  the  almost  silt-free  water  supplied 
from  reservoirs  which  store  the  wet-weather  spates  of  in- 
termittent  streams,  any  scheme  must  be  part  of  a  complete 
and  well-balanced  pian  for  a  drainage  basin  as  an  entity. 
In  arid  and  semi-arid  conditions,  water  coUected  in  con- 
tour furrows  on  pastures  and  range  grassland,  in  contour 
trenches  in  degraded  scrub  and  forest  land,  or  in  terraces 
in  arable  land,  may  be  stored  in  small  or  large  reservoirs, 
for  use  in  irrigation  of  culti vated  lands  in  the  dry  season; 
this  may,  however,  not  be  feasible  in  a  country  with  a 
high  evaporation,  as  for  example  in  semi-arid  parts  of  East 
Africa,  where  the  rate  is  of  the  nature  of  i  to  2  cm.  (  Vi  to 
%  inch)  or  more  per  day  during  five,  six  or  seven  months 
of  the  year. 

Where  the  rain  which  falls  on  a  particular  area  of  semi- 
arid  grassland  is  not  required  for  Storage  for  irrigation  or 
stock,  and  where  it  might  do  damage  in  eroding  gullies,  it 
may  be  coUected  behind  a  special  system  of  dikes  and 
spread  over  a  large  area  of  level  grassland.  This  method  is 
adopted  in  the  Navajo  Reservation  in  New  Mexico,  where 
it  is  intende  d  to  accelerate  the  regeneration  of  the  over- 
grazed  grassland.  This  object  may  be  achieved  if  the  silt 
deposited  by  the  floodwater  does  not  choke  the  grass 
vegetation. 

The  whole  question  of  water  conservation  and  use  is 
one  of  the  most  complex  and  involved  of  the  practical 
problems  discussed  in  this  book,  and  little  justice  can  be 
done  to  the  subject  in  one  brief  chapter.  There  is  so  much 
yet  to  be  learnt.  For  example,  in  Africa,  practical  conclu- 
sions  cannot  be  drawn  as  to  the  measures  which  will  be  of 
lasting  benefit  both  to  the  soil  and  to  the  people  until  more 
is  known  of  the  hydrologic  cycle,  the  precipitation,  and  its 
more  efficacious  utilization,  and  the  relation  between 
evaporation,  run-oif ,  absorption  and  transpiration,  in  dif- 
ferent  climatic  zones,  in  different  soils,  and  vegetation 
types;  there  are  vast  regions  where  the  actual  climate 
would  permit  the  production  of  subsistence  or  even  of  ex- 
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port  crops,  but  where  the  unreliable  domestic  water  supply 
permits  the  land  to  maintain  only  a  very  small  population. 
The  rapid  deterioration  of  rainfall  efficiency  now  pro- 
ceeding  in  East  Africa  is  due  to  deforestation  and  soil 
erosion,  and  any  soil  and  vegetation  conservation  measures 
adopted  would  automatically  improve  the  water  balance. 
Mr.  C.  Gillman,  Water  Consultant  to  the  Tanganyika 
Government,  states  that  there  can  be  no  doubt  *that  our 
[East  African]  ground-water  resources  are  among  our 
most  valuable,  if  not  the  most  valuable  asset,  that  their 
extent  should  be  accurately  mapped,  the  possibilities  of 
their  improvement  be  caref  uUy  studied  with  the  help  of  the 
geologist  and  plant  ecologist  and  every  possible  precaution 
be  taken,  by  reforestation  and  anti-soil-erosion  measures, 
against  further  deterioration  of  rainfall  efficiency.  The 
destruction  of  a  country 's  arable  soils  is  bad  enough;  in- 
finitely  worse  is  the  concurrent  destruction  of  its  ground- 
water  regime  because  it  is  a  process  faster  even  than  that 
of  soil  deterioration  and,  therefore,  liable  to  put  areas  that 
stili  possess  soil  out  of  action  because  there  is  no  more 
water  for  the  tillers  of  the  soil.'  When  the  water  balance 
has  been  restored  and  a  suitable  and  economie  method  of 
storing  water  for  human  requirements  has  been  evolved, 
the  situation  will  be  regarded  with  more  equanimity,  but 
that  day  is  far  distant,  and  is  rapidly  receding  with  every 
delay  in  tackling  the  problem  as  a  whole. 

Finally,  we  must  again  emphasize  the  need  for  co-oper- 
ation  among  ali  the  speciahsts  and  practical  men  concemed, 
as  every  bit  of  work,  large  or  small,  that  they  may  pian  or 
carry  out  must  aff ect  ali  the  other  dwellers  and  workers 
in  the  same  river  basin.  The  work  may  be  quite  correctly 
planned  in  itself  and  yet  be  quite  contrary  to  the  require- 
ments of  the  inhabitants  upstream  or  down  the  valley; 
possibly  even  a  slight  adjustment  in  a  pian  may  increase 
its  value  many  times,  to  the  benefit  of  ali  concerned. 
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Road  Constructìon  and  Soil  Conservation 


Departure  from  equiltbrium  caused  by  hìghnvay  construc- 
tìon. Dangers  from  loo  per  cent  run-off  from  road  surfaces. 
Dìtch  constructìon  and  revegetatìon  of  roadsìde  banks.  Con- 
structìon of  fast  top-gear  mountain  highivays.  Improvement 
of  drainage  and  stabìlìzation  of  slopes  by  vegetatìon. 


I 


N  couNTRiES  scriously  affected  by  the  erosion  problem, 
the  planners  and  builders  of  roads  must  now  become  con- 
scious  of  the  relation  between  their  operations  and  the 
increase  of  erosion.  The  departure  from  equilibrium 
caused  by  the  constructìon  of  a  highway  through  an  agri- 
cultural  countryside  of  rolUng  topography  or  along  moun- 
tain slopes  can  rapidly  become  the  direct  cause  of  serious 
losses  of  soil  and  damage  to  property  from  the  action  of 
drainage  water.  Practically  ali  the  rain-water  which  falls 
on  a  modem  highway  must  leave  the  road  surface  in  the 
form  of  run-off;  it  is  generally  concentrated  on  the  road- 
side  ditches,  where  its  volume  gives  it  considerable  eroding 
power.  The  excess  water  must  be  disposed  of  in  some  way, 
and  may  then  cause  considerable  damage  to  agricultural 
or  forest  land  along  the  highway,  by  cutting  gullies  in  its 
passage  to  the  nearest  stream  or  river  and  by  depositing 
the  products  of  erosion  on  valuable  crop  or  pasture  land. 

The  road  surface  itself  may  suffer,  the  damage  done  by 
water  in  many  parts  of  the  world  far  exceeding  the  wear 
caused  by  traffic.  This  is  particularly  so  on  dirt  or  earth 
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roads,  where  guUying  can  begin  in  ruts  and  later  make  the 
road  impassable  without  regrading  treatment.  In  the  loess 
areas  of  Mississippi,  highways  have  dropped  in  some  cases 
as  much  as  thirty  f eet  below  the  surrounding  country,  and 
are  now  flanked  by  steep  banks  of  erodible  material  which 
tends  to  fall  and  block  the  thoroughfare.  In  such  a  case  the 
small  field  streams  which  previously  flowed  safely  to  the 
roadside  ditch  now  acquile  considerable  eroding  power 
through  the  drop  at  their  outlet,  and  consequently  tend  to 
form  gully  systems  which  work  back  from  the  highway 
into  the  surrounding  country. 

When  the  road  surf  ace  itself  is  reasonably  resistant  to  the 
eff ects  of  water,  the  worst  damage  occurs  in  the  roadside 
ditches.  Where  no  conservation  practices  have  been 
adopted,  these  ditches  are  generally  left  raw  and  unpro- 
tected,  with  steep  sides  which  concentrate  ali  the  water  in 
the  bottom  of  the  ditch,  and  with  gradients  which  give  the 
run-off  water  a  considerable  and  dangerous  velocity. 

Much  can  be  done  by  revegetation  of  roadsides  and  the 
construction  of  broad  fiat  ditches,  possibly  with  simple 
mechanical  structures  to  give  waterways  the  desired  ve- 
locity and  to  protect  outlets.  It  has  been  suggested  that  the 
word  'ditch'  should  be  replaced  by  'drainage-way'  or 
'waterway',  these  being  similar  in  construction  and  action 
to  the  grassed  waterways  on  terrace  outlets. 

The  establishment  of  vegetation  on  steep  banks  along 
roadsides  is  frequently  a  difficult  problem,  as  the  subsoil 
which  is  exposed  on  fresh  cuttings  and  embankments  is 
unproductive  or  only  partially  productive,  and  highly 
erodible.  They  are  therefore  poor  sites  for  plant  growth, 
and  much  erosion  may  occur  before  the  protective  cover- 
ing  can  be  established.  A  special  technique  is  required  in 
connexion  with  the  preparation  of  the  seed-bed,  and 
specially  adapted  seed  mixtures,  preferably  of  grasses  and 
legumes,  are  recommended,  with  the  addition  of  inoculant 
for  the  legumes.  A  nurse  crop  may  be  added  to  give  a 
rapid  cover  until  the  other  species  become  established. 
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Where  reserves  of  good  soil  are  available,  the  surf  ace  of 
the  cutting  may  be  covered  with  a  layer  four  to  six  inches 
deep,  upon  which  the  seeds  may  be  sown.  Another  method 
is  adopted  where  soil  is  not  available.  The  seed-bed  is  pre- 
pared  by  properly  sloping  the  banks,  raking  the  seed-bed 
(across  the  slope)  and  rounding  off  the  intersection  of  the 
cut  and  the  undisturbed  soil  above,  to  avoid  an  abrupt  slope 
transition,  and  so  prevent  drying  out  and  sloughing  off. 
After  seeding  and  consohdation  of  the  surface,  a  mulch 
may  be  appUed,  this  being  of  value  for  several  reasons.  It 
retains  more  soil  moisture  by  preventing  excessive  evapora- 
tion;  it  protects  the  young  seedlings  from  exposure,  pre- 
vents  erosion  on  the  bank  and  supplies  the  more  important 
plant  nutrients.  This  mulch  should  be  nutritious,  should 
not  blow  or  wash  away,  and  should  cover  the  ground  as 
uniformly  as  possible  without  entirely  excluding  air  and 
light.  A  mulch  used  by  the  Soil  Conservation  Service  in 
Ohio  was  made  up  of  farmyard  manure,  Straw,  soil, 
hydrated  Hme,  superphosphate  and  ammonium  sulphate. 
Here  the  work  was  successful  only  on  properly  mulched 
areas  and  on  slopes  of  60  per  cent  and  under. 

Mountain  highways  present  their  own  peculiar  prob- 
lems.  The  modem  motorist  demands  a  fast,  top-gear  high- 
way  which  will  allow  him  to  travel  from  one  spot  to 
another  in  the  shortest  possible  time,  regardless  of  the 
eff  ect  his  demands  may  bave  on  the  country  through  which 
he  is  passing.  The  road  engineer  uses  ali  his  resources  to 
produce  a  super-highway  with  easy  gradients  and  as  few 
bends  as  possible.  A  compromise  must  be  eifected  by  ad- 
justing  road  aUgnment  to  topography,  thereby  minimizing 
scenic  disturbance  and  erosion.  To  do  this  it  is  necessary 
to  reconcile  the  public  demand  for  fast  roads  with  the 
public  sentiment  for  scenery. 

In  the  construction  of  new  highways,  Charles  J.  Kraebel 
of  the  U.S.  Forest  Service,  California,  recommends  new 
criteria  of  location,  more  rational  alignment,  greater  use  of 
retaining  walls  and  cribbing  (a  special  type  of  retaining 
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structure,  made  of  the  interlacing  stems  of  young  trees, 
etc),  controlied  placing  of  excess  material,  care  in  the  con- 
struction  of  tunnels  and  bridges  and  improved  drainage 
practice— ali  of  which  appear  necessary  if  mountain  roads 
are  to  be  not  merely  traffic  arteries,  but  scenic  and  con- 
servational  assets. 

The  most  important  problems  in  controlling  erosion  on 
present  mountain  roads  are  the  improvement  of  drainage 
and  the  stabiHzation  of  the  slopes  by  vegetation.  Drainage 
troubles  requiring  correction  include  culverts  emptying  at 
wrong  points,  outfall  points  not  protected  against  under- 
cutting,  too  few  or  improperly  placed  drainage  outlets 
from  the  road  surface,  drainage  outlets  too  small  f or  high- 
intensity  storms,  and  excess  water  from  minor  roads  or 
abandoned  stretches  of  old  roads. 

It  is  difficult  to  establish  vegetation  on  the  steep  banks 
of  roads  until  the  slopes  have  been  stabilized  by  the  use  of 
contour  wattling,  or  'the  packing  of  lengths  of  brush  into 
continuous  thick  cables  partially  buried  across  a  slope  at 
regular  contour  intervals  and  supported  on  the  lower  side 
by  stakes'.  These  wattles  form  miniature  terraces,  in  which 
the  first  seeds  to  be  used  in  the  artificial  succession  from 
the  quick-growing  cover-crop  of  cereals  to  the  final  vegeta- 
tion of  shrubs  and  trees  may  become  established. 

The  vegetation  to  be  used  should  be  of  three  types:  (i) 
temporary,  consisting  of  quick-growing  cover  plants,  (2) 
semi-permanent  plants,  more  effective  in  anchoring  the 
surface  layer  of  soil,  (3)  permanent  plants,  native  shrubs 
and  trees  which  will  complete  the  work  of  stabilizing  the 
slope  with  a  cover  resembling  that  of  the  surrounding 
country. 
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CHAPTER  XVI 

The  Conservatìon  of  Wild-Life  Resources 


Destructìon  of  flora  has  led  to  destruction  of  fauna.  Animai 
ecologist  to  assist  in  establishing  a  neiv  semi-artificial 
equilibrium.  Wild-life  conservation  in  US. A.  closely  related 
to  soil  conservation.  Wild  life  as  a  supplementary  crop  for 
farmers.  Rodents  and  destructive  types.  Earthworms.  Can 
the  rabbit  be  controlied  by  disease  in  Australia?  Aivakening 
of  interest  in  wild-life  preservation  in  Africa  and  India. 
Influence  of  animai  populations  on  human  beings. 


o 


N  EARLiER  PAGEs  wc  havc  made  numerous  references 
to  the  destruction  of  naturai  floras  and  to  the  great  part 
which  the  plant  ecologist  is  to  play  in  the  revegetation  of 
prairie  and  f orest.  It  will  be  obvious,  however,  that  coinci- 
dent  with  this  destruction  of  the  flora  there  has  occurred 
a  disastrous  reduction  in  the  fauna,  and  that  the  animai 
ecologist  and  population  expert  is  just  as  important  in 
regeneration  work  as  the  plant  ecologist.  Actually  the  two 
must  work  hand  in  hand,  as  many  of  the  botanical  changes 
may  be  so  directed  as  to  be  of  great  advantage  to  the  wild- 
life  population,  and  conversely,  many  wild-life  introduc- 
tions  may  bave  a  great  influence  on  the  botanical  relation- 
ships. 

In  some  cases  animals  bave  disappeared  as  a  direct  result 
of  the  destruction  of  grassland  and  forest  by  overgrazing 
or  fire,  or  the  advance  of  cuMvation  and  the  loss  of  ref  uges 
and  food  supplies.  The  innumerable  birds,  small  animals  and 
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insects  which  congregate  along  streams,  in  woodland  and 
other  waste  places  are  an  example.  The  fish  of  rivers 
and  streams  disappear  when  the  destruction  of  trees  border- 
ing  the  water,  siltation  of  stream  beds  and  shallowing  of 
the  streams  expose  them  to  the  hot  rays  of  the  sun. 

In  other  cases  the  extinction  of  a  particular  type  of 
animai,  bird  or  fish  has  been  intentional  or  wanton,  being 
carried  out  to  protect  human  lives  and  property  or  merely 
f  or  sport.  An  outstanding  example  is  the  colossal  destruc- 
tion of  buffalo  which  took  place  in  the  space  of  a  few 
years  in  the  short-grass  plains  of  the  United  States  late  in 
the  nineteenth  century. 

This  is  not  to  say  that  many  of  the  animals  destroyed 
bave  not  been  undesirable,  but  emphasis  must  be  laid  on  the 
fact  that  a  new,  semi-artificial  equilibrium  must  be  estab- 
lished  on  the  basis  of  data  being  coUected  by  the  animai 
ecologist.  Many  of  the  animals  introduced  into  any  par- 
ticular environment  may  not  at  first  glance  appear  to  be 
essential  from  a  soil-conservation  point  of  view,  yet  they 
may  fit  into  a  complicated  ecological  scheme,  as  one  of  the 
links  in  a  food  cycle,  for  example.  In  any  scheme  for  re- 
stocking,  ali  types  of  animals  must  be  considered,  from  the 
apparently  useless  animals,  or  the  carnivores  which  keep 
the  numbers  of  their  prey  from  becoming  abnormally  high, 
to  the  animals  which  play  some  important  part  in  the  con- 
servation  of  soil  or  water,  or  which  may  be  regarded  as  an 
additional  source  of  income  to  a  farmer  who  has  been 
obliged  to  retire  some  part  of  his  land  from  economie  pro- 
duction. 

It  is  in  the  United  States  more  than  in  any  other  country 
that  the  conservation  of  wild  life  is  regarded  as  an  integrai 
part  of  the  whole  problem  of  the  conservation  of  soil, 
vegetation  and  water.  The  organization  chiefly  concemed 
with  wild-life  conservation  in  the  United  States  is  the 
Bureau  of  Biological  Survey  of  the  U.S.  Department  of 
Agriculture.  Other  Federai  agencies  adopting  a  wild-life 
programme  include  the  Forest  Service  and  the  Soil  Con- 
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servation  Service  within  the  Department  of  Agriculture, 
and  also  the  War  Department.  Non-Government  bodies 
concemed  include,  for  example,  the  More  Game  Birds  in 
America  Foundation,  New  York  City. 

The  American  conservationist  directs  the  reclamation 
and  revegetation  of  f orest,  grassland  and  guUies  in  the  way 
that  will  bring  the  greatest  benefit  to  the  wild  life  of  the 
particular  locality.  By  making  slight  changes  in  revege- 
tating  or  engineering  programmes,  conditions  may  be 
created  which  lead  to  a  great  increase  in  the  wild-liie  re- 
sources,  whether  this  is  valuable  from  an  economie  point 
of  view  or  not.  For  example,  soil  conservation  workers  in 
arresting  certain  types  of  erosion  can  achieve  the  desired 
end  in  many  instances  by  utiHzing  plants,  trees  and  shrubs 
that  are  of  known  food  or  cover  value  to  wild  life.  The 
forester  can  combine  run-off  control  with  wild-life  im- 
provement  by  mixing  patches  of  food-bearing  shrubs  and 
moisture-holding  perennial  grasses  with  his  purè-stand 
plantations  of  commercial  species.  The  restoration  of  this 
food-bearing  understorey  is  an  important  step  in  the 
management  of  forest  lands  for  wild  turkeys  and  deer  in 
the  eastern  United  States.  The  work  of  the  engineer  in  con- 
serving  water  in  ponds,  reservoirs  and  other  places  may 
also  be  of  inestimable  value  to  many  forms  of  wild  life 
which  can  fìnd  refuge  or  food  in  the  vegetation  of  the 
banks. 

The  American  interest  in  wild-life  conservation  has 
arisen  partly  because  of  its  relation  to  soil  conservation, 
partly  from  a  recreational  point  of  view,  and  partly  for  the 
sake  of  the  animals  themselves.  Under  the  first  head  we 
may  group  animals  like  the  beaver,  which  actually  assists 
man  in  soil  conservation  and  flood  control,  and  also  animals, 
furred,  feathered  or  finned,  which  can  be  'cultivated'  on 
farm  woodlots  and  waste  areas  as  a  supplementary  'crop'  or 
food  supply  for  the  farmer.  Serious  stream  cutting  has 
often  followed  the  extermination  of  beavers  from  certain 
criticai  watersheds,  while  their  reintroduction  has  had  most 
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gratifying  results.  In  this  connexion,  the  availability  of  the 
principal  food  trees  (aspen,  cottonwood  and  willow)  has 
been  determined,  as  well  as  the  potential  number  of  beavers 
a  stream  can  support.  The  low  cost  and  the  large  amounts 
of  water  stored  and  silt  deposited  are  encouraging  factors 
in  this  line  of  work  in  the  United  States  and  Canada. 

In  addition  to  the  development  of  an  annual  self- 
perpetuating  *crop'  of  game  birds,  fur-bearers  and  game 
fish  to  provide  supplemental  compensation  to  the  farmer 
for  lands  retired  from  agricultural  use  in  the  interests  of 
erosion  control,  the  wild-life  biologist  is  also  concerned 
with  the  encouragement  of  birds  to  protect  the  crops 
against  insect  attack  and  with  the  welfare  of  'creatures  that 
delight  the  ear  with  song  and  the  eye  with  colour'. 

Natmrally  at  the  same  time  it  is  necessary  to  take  steps  to 
control  the  spread  of  rodents  and  other  destructive  types, 
although  care  is  necessary  before  laying  the  blame  on  the 
unfortunate  creatures.  The  rodents  of  the  range  country 
(gophers,  etc),  which  bave  been  blamed  for  the  denuda- 
tion  caused  by  domestic  livestock,  probably  compensate 
for  their  supersurface  depredations  by  their  subsurface 
activity  in  improving  soil  porosity.  There  seems  to  be  little 
or  no  evidence  that  rodents  or  other  animals,  under  naturai 
condìtìons  in  the  United  States,  promote  soil  erosion. 

Darwin's  work  with  earthworms  has  a  special  signifi- 
cance  at  the  present  time.  According  to  him,  nearly  54,000 
earthworms  may  be  f ound  in  an  acre,  and  their  burrows 
may  penetrate  the  subsoil  to  a  depth  of  five  or  six  feet. 
They  must  thus  bave  a  great  injfluence  in  increasing  the 
infiltration  rate  of  soils.  Possibly  the  tunnels  of  ants,  termites 
and  other  invertebrates  of  arid  regions  play  a  great  part  in 
guiding  the  scanty  precipitation  into  the  soil. 

There  are,  however,  in  many  parts  of  the  world  animals 
which  are  directly  responsible  for  erosion  of  various  types, 
due  to  destruction  of  vegetation.  Again  opinions  vary 
as  to  the  exact  amount  of  damage  done;  for  example, 
although  individuai  may  be  found  who  state  that  the 
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rabbit  is  so  much  the  Australian  pastoralist's  greatest  prob- 
lem  that  modifications  of  stoclong  policies  would  be  of 
little  value,  other  observers  such  as  F.  N.  Ratcliife  state 
that  it  is  probable  that  the  rabbit  has  sometimes  been  made 
a  scapegoat  and  blamed  for  damage  and  deterioration  of 
which  it  was  not  the  primary  cause.  This  is  particularly  the 
case  in  the  saltbush  country  in  the  arid  pastoral  areas  of 
Southern  Australia.  In  any  study  of  the  rabbit  as  a  pest  in 
Australia,  it  is  therefore  necessary  to  obtain  exact  data  as 
to  its  eff ect,  as  a  competitor  of  the  stock,  on  the  carrying 
capacity  of  the  country,  and  upon  the  permanent  vegeta- 
tion.  For  example,  in  the  case  of  tree  and  shrub  species, 
rabbit  damage,  in  the  form  of  destruction  of  seedlings  or 
stripping  of  bark,  assumes  its  most  serious  form,  but  the 
presence  of  stock  is  just  as  fatai  to  seedling  mulgas  and 
other  palatable  species  as  are  the  recurring  rabbit  plagues. 
Mr.  Ratcliife  concludes,  however,  that  even  if  the  scrub 
country  were  completely  unstocked,  the  rabbit  alone 
would  probably  succeed  in  preventing  the  regeneration 
necessary  to  maintain  the  perennial  plant  cover. 

Thus  the  major  wild-life  problem  of  Australia  is  the 
control  or  extermination  of  the  rabbit.  The  chief  hope  lies 
in  an  epizootic  disease,  myxomàtosis,  which  shows  a  maxi- 
mum spread  when  a  dense  and  continuous  population  of 
rabbits  has  been  estabhshed  over  the  land. 

The  preservation  of  wild  hfe  is  also  a  matter  of  some 
concem  in  other  parts  of  the  world,  for  example.  Africa 
and  India.  The  first  International  Conf erence  for  the  Pro- 
tection  of  the  Fauna  and  Flora  of  Africa  was  held  in  1933, 
and  the  results  of  the  operation  of  the  convention  signed 
at  that  Conf  erence  were  reviewed  at  the  second  conf  erence 
held  in  India  in  the  spring  of  1938.  The  principles  laid 
down  in  the  convention  formed  a  solid  structure  upon 
which  wild-life  preservation  measures  should  be  modelled. 
The  delegates  to  the  second  conference  represented  the 
Govemments  of  the  United  Kingdom,  the  Union  of  South 
Africa,  Southern  Rhodesia,  France,  Belgium,  the  Nether- 
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lands,  Egypt,  Anglo-Egyptian  Sudan,  Portugal  and  Italy. 
Each  Government  reported  on  the  measures  taken  to  pro- 
vide game  reserves  and  national  parks.  Although  the  con- 
servation  of  soil  and  vegetation  is  not  such  an  important 
part  of  this  programme  as  it  is  in  the  United  States,  it  is 
obvious  that  the  maintenance  of  a  reasonably  naturai 
balance  between  fauna  and  flora  in  Africa  is  of  sufficient 
importance  to  warrant  our  attention. 

Similarly  an  AU-Indian  Conf erence  f or  the  Preservation 
of  Wild  Life  was  held  in  Delhi  in  1935,  vs^hen  a  draft  con- 
vention wzs  prepared.  The  Forest  Department  does  every- 
thing  possible  to  protect  the  interests  of  game  and  to 
prohibit  the  slaughter  of  game,  except  under  rules  of  good 
sportsmanship.  The  wild  life  outside  forest  areas,  however, 
requires  protection;  much  of  the  destruction  is  due  to  the 
increase  in  population  and  in  the  cultivated  land,  but  much 
of  the  emptying  of  jungles  is  the  result  of  unregulated  and 
useless  killing  or  trapping  carried  on  without  any  regard  to 
the  interests  of  wild-life  preservation. 

In  concluding  this  brief  reference  to  the  complex  prob- 
lems  of  the  interrelationship  between  animals,  and  of  the 
association  of  animals  and  plants,  we  may  quote  from  the 
Annual  Report  for  1936-37  of  the  Bureau  of  Animai 
Population  of  the  University  of  Oxford. 

'There  is  no  human  being  who  is  not  directly  or  in- 
directly  influenced  by  animai  populations,  although  intri- 
cate chains  of  connexion  often  obscure  the  fact.  Population 
problems  are  as  much  part  of  the  fabric  of  daily  existence 
as  is  the  weather.  It  is  quite  as  interesting  to  lóiow  about 
changes  of  population  as  about  changes  in  the  weather,  and 
equally  important.  What  is  different  is  that  not  only  do 
animals  bave  this  influence  on  man,  but  man  has  an  increas- 
ing  power  over  the  fate  of  the  animai  populations  that  stili 
throng  the  world.  There  is  less  of  a  moral  problem  about 
going  out  on  a  doubtful  day  without  an  umbrella,  than 
there  is  in  ordering  the  destruction  of  a  species  on  the 
chance  that  it  may  be  doing  harm  to  human  interests.' 
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We  cannot  condemn  the  prairie  gopher,  the  Australian 
rabbit,  the  African  termite,  or  the  locust,  without  first  dis- 
covering  to  what  extent,  if  any,  some  action  of  man  has 
upset  an  equilibrium  in  animai  ecology,  and  therefore  in- 
directly  in  plant  ecology,  and  so  affected  the  conservation 
of  vegetation,  soil  and  water. 
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CHAPTER  XVII 


Economie  Causes  and  Consequences 
of  Erosion 


A  sotVs  capital  resources  are  its  fertìlity.  The  exchange  of 
financial  for  soil  capital  in  the  modem  ivorld.  Wastage  of  soil 
capital  in  ancient  and  modem  times.  The  effect  of  recent 
economie  events  on  the  spread  of  erosion  in  the  New  World. 
The  turn  of  the  tide.  Economie  nationalism  as  a  cure.  Agri- 
cultural  adjustment  in  U.S.A. 


i^ouND  BusiNESSEs  are  not  run  by  paying  dividends  out 
of  capital.  The  purchaser  of  productive  land  buys  a  going 
concern  whose  capital  is  the  inherent  fertility  of  the  soil. 
He  is  courting  disaster  if  he  draws  continuously  on  his 
capital  as  a  way  of  paying  himself  a  dividend.  Soil  erosion 
is  the  almost  inevitable  consequence  of  progressive  soil  ex- 
haustion,  in  other  words,  of  drawing  upon  the  capital  re- 
serves  of  fertility. 

During  the  early  stages  of  soil  formation,  the  soil's 
fertility  capital  increases,  mainly  by  an  increase  in  its 
humus  content  and  by  the  development  of  a  structure 
which  makes  the  soil  a  favourable  medium  for  biological 
activity.  The  soil's  income  of  potential  energy,  obtained 
in  the  first  place  from  the  sun,  is  greater  than  its  outgoings, 

24  a.  North  Dakota,  U.S. A.  Field  shelterbelt.  24  b.  Washing- 
ton, U.S.A.  Lombardy  poplar  ivindbreak;  trees  approximately 
tuoenty  years  old.  Se  e  pages  i68-ji. 
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namely,  the  energy  expended  by  plants,  animals,  and 
micro-organisms  living  in  and  on  the  soil.  As  the  plant 
community  develops,  outgoings  increase  more  rapidly  than, 
and  ultimately  equal,  income.  A  state  of  equilibrium  then 
obtains  and  in  the  absence  of  any  abnormal  occurrence 
little  further  change  takes  place  in  either  soil  or  vegetation. 
A  change  in  the  plant  regime,  from  whatevej  cause,  is 
almost  certain  to  upset  this  equilibrium.  The  change  may 
be  brought  about  by  a  long  period  of  abnormal  weather, 
by  a  secular  change  in  the  climate,  by  a  parasite,  fire,  man 
or  a  host  of  other  causes.  A  new  plant  regime  will  start  new 
soil-forming  processes,  resulting  in  either  an  increase  or 
decrease  in  the  soil's  fertiHty  capital  when  equilibrium  is 
again  restored.  A  decrease  is  the  more  commonly  observed 
and  is  known  as  soil  'degradation'.  When,  as  a  result  of 
slow  climatic  change,  or  perhaps  owing  to  the  naturai  age- 
ing  of  the  earth,  forest  encroaches  upon  steppe  or  prairie, 
the  soil  is  degraded  from  the  rich  steppe  soil  to  the  poorer 
forest  soil.  The  human  communities  that  invaded  and  estab- 
lished  themselves  on  the  arid  wastes  of  western  Asia  like- 
wise  degraded  the  soils.  They  made  the  deserts  blossom  on 
the  solar  energy  that  had  been  accumulating  f  or  ages  in  the 
soil,  but  they  paid  back  little,  and  in  the  end  the  desert 
retumed.  Western  European  peoples  bave  increased  the 
originai  capital  of  their  former  forest  soils,  and  bave 
hitherto  avoided  soil  exhaustion.  Their  offshoots  in  other 
countries  are  living  on  capital  and  degrading  the  soils  with 


2^  a.  U.S.S.R.  A  vtneyard  on  the  Cymljansk-Don  sandy  lands. 
The  underground  ivater-table  is  at  a  depth  of  tivo  to  three  metres. 
In  some  places  the  soil  has  been  eroded  by  ivind  or  buried  under 
sand.  A  shelterbelt  of  Populus  pyramidalis  affords  protection  from 
the  ivind.  This  is  regarded  as  a  good  example  of  the  possibilities 
of  rational  reclamation  of  vast  areas  of  the  Don  sandy  lands. 
2$  b.  US.S.R.  Plantation  of  Pinus  sylvestris  on  a  broken  sandy 
land  in  Western  Kazakstan.  In  this  semi-desert  far  beyond  the 
southern  limit  of  pine  forest  this  plantation  seems  to  be  para- 
doxical.  Se  e  page  l'jó. 
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startling  rapidity.  Under  the  circumstances  they  could 
scarcely  have  done  otherwise,  for  the  New  World  could 
not  have  been  developed  without  the  help  of  f  oreign  capital 
in  the  form  of  money,  goods  and  services,  most  of  which 
was  paid  for  by  exporting  soil  capital— an  apparently  harm- 
less  procedure  at  a  time  when  fertility  was  reckoned  in 
terms  of  the  inexhaustible  supplies  of  plant-food  minerals 
in  virgin  soils.  Physical  fertility  was  but  little  understood, 
stili  less  was  it  realized  that  physical  and  biological  char- 
acteristics  were  much  more  important  forms  of  soil  capital, 
more  easily  wasted  and  more  difEcult  to  restore,  than 
chemical  characteristics. 

To  see  the  economie  problem  of  erosion  in  proper  per- 
spective,  it  is  necessary  to  recognize  the  part  played  by 
huge  transfers  of  financial  capital  from  one  country  to  an- 
other  and  their  repayment  by  drawing  on  soil  capital. 
Movements  of  capital  have  been  an  outstanding  feature  of 
the  modem  world.  They  may  truly  be  said  to  have  been 
one  of  the  mainsprings  of  progress,  but  capitalism  has  never 
seriously  concerned  itself  with  its  repercussions  on  the 
humus  content  and  structure  of  soils.  Nevertheless,  the 
repercussions  have  been  shattering  in  their  effect  and  can 
no  longer  be  ignored. 

For  our  present  purposes  we  can  classify  eroding  coun- 
tries  according  to  whether  the  soil  degradation  that  pre- 
ceded  active  erosion  was  mainly  the  consequence  of  pristine 
soil  fertility  inevitably  running  down  under  agriculture,  or 
of  the  wholesale  bartering  of  soil  for  financial  capital.  To 
the  former  category  belong  the  old  established  countries 
like  China,  Persia,  Mesopotamia  and  the  Mediterranean 
countries  which  in  their  prime  were  regionally  self- 
contained  and  were  exhausted  by  the  slow  wastage  that 
accompanies  naturai  processes  of  growth  and  decay.  Here 
the  soils'  capital  reserves  had  to  be  tapped  from  the  begin- 
ning  of  agriculture,  but  the  reserves  were  great,  and  the 
demands  of  civilized  communities  were  nothing  like  so  high 
as  they  would  be  to-day.  Under  the  Mediterranean  climatc 
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the  rapidity  of  soil  formation  was  sufficient  to  keep  pace 
f  or  a  time  with  soil  exhaustion.  Although  north-west  China 
is  probably  more  eroded  than  any  other  comparable  region 
in  the  worid,  it  must  be  remembered  that  it  has  taken 
millenniums  to  reach  its  present  condition  whereas  parts 
of  North  America  have  almost  reached  the  same  condition 
within  a  centmy. 

To  the  latter  category  belong  those  countries  where 
widespread  erosion  is  a  recent  phenomenon.  In  many  of 
them  the  soils  are  of  such  a  nature  that  agriculture  would 
have  made  inroads  into  their  fertility  reserves  in  any  case, 
but  had  the  countries  been  reliant  solely  on  their  own  re- 
sources,  had  they  not  been  linked  by  easy  means  of  com- 
munication  to  other  wealthy  and  aggressive  regions,  they 
would  have  developed  slowly,  and  agriculture,  instead  of 
becoming  more  exploitative,  would  have  automatically 
adapted  itself  to  the  falling  fertility  level.  The  main 
economie  cause  of  recent  accelerated  erosion  has  been  the 
transfer  of  capital  across  regional  or  politicai  boundaries 
and  its  repayment  with  soil  fertility.  Had  Europe  solved 
its  population  problem  by  exporting  more  men  and  less 
capital  and  theref  ore  neither  needing  nor  being  in  a  position 
to  buy  so  much  food  from  abroad,  the  world  would  have 
been  poorer  in  many  ways,  but  there  would  have  been 
more  soil  left  f or  posterity.  Progress  would  have  been  slow 
and  there  might  have  been  no  erosion  problem  to  tax  man's 
ingenuity  and  courage  to  the  utmost  and  spur  him  to 
greater  conquests. 

Among  the  newly  developed  countries,  South  Africa 
belongs  more  to  the  first  than  to  the  second  category. 
Foreign  capital  has  poured  into  the  Union,  but  has  been  re- 
paid  chiefly  in  gold,  and  very  little  in  soil  fertility.  Gold 
production  has,  however,  probably  had  an  indirect  effect 
in  accelerating  erosion  by  encouraging  the  farming  com- 
munity to  emulate  the  standard  of  wealth  attained  by  the 
mining  community.  Furthermore,  South  Africa's  mines 
caused  the  country  to  be  opened  up  agriculturally  much 
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more  rapidly  than  would  have  been  the  case  had  the  only 
Iure  to  settlement  been  the  very  limited  opportunities 
afforded  by  an  arid  climate  with  an  uncertain  rainfall.  Ex- 
ploitation  of  the  land  has  attempted  to  keep  pace  with 
exploitation  of  the  mines,  and  farmers  have  been  encour- 
aged  to  produce  for  export,  although  this  policy  is  likely 
to  be  reversed  as  the  harmful  effects  become  increasingly 
apparent.  But  the  arid  soils  are  of  a  kind  that  would  have 
run  down  under  agriculture  in  any  circumstances.  The 
tragedy  of  South  Africa  has  been  the  appalling  rapidity 
with  which  its  fertility  reserves  have  been  depleted  and  its 
thin  soil  covering  washed  away.  In  no  other  country  have 
the  disastrous  consequences  of  erosion  foUowed  so  quickly 
after  its  commencement. 

Recent  erosion  in  India  and  soil  deterioration  in  Egypt 
must  be  attributed  to  the  impact  of  the  western  type  of 
social  organization  on  other  types  which  had  attained 
equilibrium  with  the  soils  on  which  they  had  evolved. 
These  two  countries  supporr  very  dense  populations,  yet 
they  have  preserved  their  fertility  through  thousands  of 
years  by  the  peoples  accepting  an  economy  which  pre- 
cluded  a  standard  of  living  above  what  the  soils  would 
afford.  As  population  increased,  the  standard  of  living 
tended  to  fall,  until  science  and  civilization  showed  how 
more  wealth  could  be  extracted  from  the  soil  than  was 
restored  by  naturai  processes.  Egyptian  life  centred  en- 
tirely  round  the  Nile,  without  whose  water  and  mud  there 
would  have  been  no  soil  at  ali.  The  brilliant  achievements 
in  irrigation  engineering  in  ancient  Egypt  may  be  con- 
trasted  with  the  primitive  agricultural  technique  which  is 
stili  practised.  The  ancient  Egyptians  leamt  how  to  spread 
on  the  land  the  fertility  brought  down  by  the  annual  Nile 
floods.  They  did  not  exert  themselves  to  extract  more  than 
their  immediate  needs  from  the  bounty  of  the  River.  They 
lived  on  the  soil's  income  and  won  lasting  security  against 
naturai  hazards  at  the  expense  of  progress. 

With  the  introduction  of  a  more  efficient  technique  into 
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Egyptian  agriculture,  the  soils  have  steadily  deteriorateci. 
'Soil  alkali'  has  become  a  serious  and  growing  menace, 
cotton  yields  are  falling.  The  deterioration  has  been  due  in 
the  main  to  the  substitution  of  perennial  for  basin  irriga- 
tion— a  substitution  which  was  indispensable  for  the  cotton 
growing  by  which  Egypt  has  advanced  and  enriched  itself . 
Basin  irrigation  involved  an  annual  five-months  fallow 
(sharaqi)  during  which  essential  fertility-preserving  proc- 
esses  took  place;  perennial  irrigation  means  forgoing  the 
fallow  and  taking  as  much  from  the  soil  as  it  can  be  made 
to  yield.  Egypt's  advance  from  primitiveness  to  modem 
civilization  is  being  bought  with  soil  fertihty. 

In  India  and  tropical  Africa,  under  the  benign  but  not 
altogether  altruistic  mie  of  the  European,  populations,  both 
human  and  animai,  have  increased  rapidly;  the  native  in- 
habitants  have  received  some  of  the  advantages  of  western 
civilization,  and  have  often  achieved  a  higher  standard  of 
living  than  they  had  before  the  white  man  came.  Money 
has  poured  into  these  countries  to  release  their  slender  re- 
serves  of  soil  f ertility.  The  eradication  of  disease,  the  cessa- 
don  of  internecine  feuds,  the  growth  of  cities,  transport 
and  industry  were  paid  for  in  soil  fertihty.  Disease  and  war 
played  essential  parts  in  maintaining  the  delicate  biotic 
equiUbrium  of  the  tropics,  eHminating  man  and  beast,  tree 
and  plant  whenever  they  became  superfluous.  Exhaustion 
and  destruction  of  the  soil  have  produced  a  superfluity 
which  has  been  perpetuated  by  the  comparative  security 
and  peace  imposed  by  European  mie.  The  people  have 
been  pacified  before  the  elements,  and  in  order  to  perpemate 
peace  and  provide  a  'standard  of  Uving'  for  the  people 
forests  have  been  cleared,  pastures  have  been  destroyed,  in- 
sects  and  vermin  which  held  the  balance  between  the 
organic  and  inorganic  forces  of  Nature  have  been  annihi- 
lated.  There  is  no  peace  in  Nature  where  floods  and  deserts 
are  spreading  through  densely  populated  regions  of  India 
and  Africa. 

The  imprecedented  economie  expansion  during  the  nine- 
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teenth  century  has  been  foUowed  by  a  world-wide  bio- 
logica! deterioration  of  the  land.  The  opportunities  for 
expansion  and  progress  were  so  great  that  it  is  very  doubt- 
ful  whether  soil  exhaustion  could  have  been  checked  by 
any  means,  even  had  the  full  seriousness  of  the  conse- 
quences  been  f  oreseen.  By  what  may  or  may  not  have  been 
a  coincidence,  the  need  for  radically  new  policies  on  the 
land  was  being  realized  in  the  New  World  at  the  same  time 
as  the  Great  War  was  precipitating  an  economie  revolu- 
tion in  the  Old  World.  Coincidentally,  the  trough  of  the 
post-war  economie  depression  was  reached  during  a  pro- 
longed  and  remarkably  universa!  period  of  drought  in  the 
grasslands  of  America,  Africa  and  Australia.  Post-war 
boom  and  slump  both  greatly  increased  the  momentum  of 
the  economie  erosive  f orces  that  were  already  at  work,  and 
drought  administered  the  knock-out  blow  to  millions  of 
acres  robbed  of  their  naturai  defence  against  climatic 
vagaries.  Probably  more  soil  was  lost  from  the  world  be- 
tween  19 14  and  1934  than  in  the  whole  of  previous  human 
history.  By  1935  the  illusion  that  nations  could  get  rich 
quick  at  the  expense  of  a  beneficent,  unresisting  Nature  had 
been  finally  shattered. 

The  boom  encouraged  the  breaking  of  virgin  land  and 
its  utniost  exploitation  while  the  going  was  good.  With  the 
break  in  agricultural  prices,  eff orts  to  extract  every  ounce 
of  produce  from  the  soil  were  redoubled,  but  no  money 
was  available  for  fertiUzers  or  conservative  improvements, 
the  need  for  which  became  more  apparent  every  year.  In 
widely  separated  parts  of  the  world  the  combined  effects 
of  boom,  slump  and  drought  produced  a  catastrophic  bio- 
logica! and  physica!  deterioration  of  whole  regions,  cul- 
minating  in  dust  storms  and  floods  which  threatened  to 
become  fixed  events  in  the  calendar  of  North  America.  In 
May  1934,  an  estimated  300  million  tons  of  Middle  West 
soil  were  lifted  by  one  storm  and  some  of  it,  for  the  first 
time  in  history,  reached  the  Atlantic  seaboard  in  sufficient 
quantity  to  darken  the  cities  and  choke  their  dwellers.  It 
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seemed',  writes  A.  E.  Burges/  *as  if  the  very  desert  had  re- 
solved  to  march  on  the  Capital.'  Soil  erosion  penetrated 
into  the  mind  and  lungs  of  industrialists,  politicians  and 
economists,  and  assumed  the  importance  of  a  vital  national 
issue  before  the  American  public.  The  shot  fired  at  Lex- 
ington that  was  heard  round  the  world  in  1775  had  less 
influence  on  subsequent  world  history  than  the  red  dust 
from  Nebraska  that  settled  on  Washington  in  1934  will 
bave  on  the  future.  The  echo  of  the  shot  passed  unheeded 
over  many  undeveloped  lands  and  uninterested  peoples, 
but  the  light  reflected  from  the  floating  prairie  dust  has 
been  seen  and  noticed  wherever  men  pursue  their  unceas- 
ing  struggle  with  the  soil. 

The  depression  threw  into  clear  relief  an  easily  compre- 
hensible  economie  cause  of  erosion.  The  f  armer  was  selling 
bis  produce  below  cost  and  was  thereby  prevented  from 
taking  the  necessary  measures  to  maintain  or  improve  soil 
fertility.  Apart  from  any  abstract  question  of  the  nature  of 
soil  fertility  and  soil  capital,  there  could  be  no  doubt  that 
financial  outgoings  were  exceeding  income.  The  first  step 
necessary  to  reverse  the  position  was  to  raise  agricultural 
prices,  by  any  means,  to  a  level  comparable  with  those 
obtaining  in  industry.  It  does  not  foUow  that  soil  will  re- 
ceive  proper  treatment  when  farm  income  exceeds  expendi- 
ture,  but  it  will  certainly  not  be  cared  for  when  ex- 
penditure  exceeds  income.  The  numerous  measures  taken 
to  raise  agricultural  prices  ali  over  the  world  were  not  in- 
troduced  specially  to  save  the  soil,  but  a  rise  in  producers' 
income  was  indispensable  before  soil  conservation  could  be 
adopted  as  an  integrai  part  of  national  policy  in  any 
country. 

High  prices,  however,  do  not  by  themselves  encourage 
soil  conservation,  but  rather  the  reverse,  as  the  post-war 
prosperity  period  forcibly  illustrated.  He  would  be  an  in- 
human farmer  who  did  not  extract  ali  he  could  from  the 
soil  while  a  profit  was  to  be  made.  Conditions  favouring 

*Soil  Erosion  Control.  Turner  Smith  &  Co.,  Atlanta,  Ga.,  1936. 
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soil  conservation  include  not  only  profitable  prices  but  also 
an  absence  of  opportunity  to  utilize  profits  from  the  land 
more  advantageously  than  by  ploughing  them  back.  Such 
a  combination  of  circumstances  does  not  occur  in  an  era  of 
expansive  industriai  progress  and  prosperity  when  ali  the 
money  that  can  be  made  out  of  the  land  is  irresistibly  at- 
tracted  away  from  it.  The  foundations  of  prosperity— soil 
f ertility— bave  been  removed  from  the  exhausted  lands,  and 
a  superficial  material  prosperity  would  now  only  encourage 
further  and  final  exhaustion.  Man  has  enriched  himself  at 
the  expense  of  the  soil;  the  soil  can  only  recuperate  at  the 
expense  of  man.  The  economie  circumstances  of  to-day  are 
a  naturai  reaction  to  what  has  gone  before.  They  may  not 
be  mainly  attributable  to  soil  exhaustion,  but  they  are  es- 
sential  for  soil  recuperation. 

If  we  allow  that  the  present  tragic  state  of  the  earth's 
surface  is  attributable  to  the  economie  conditions  of  the 
nineteenth  and  early  twentieth  centuries,  we  may  assume 
that  erosion  will  not  be  generally  stopped,  much  less  its 
ravages  repaired,  until  some  economie  trend,  which  will 
definitely  discourage  excessive  soil  exploitation  and  make 
the  costly  reclamation  of  deteriorateci  land  worth  while, 
becomes  manifest  throughout  the  world.  Conditions  are 
already  changing  in  a  direction  leading  to  the  return  to 
newly  exploited  soils  of  the  capital  filched  from  them  dur- 
ing  the  past  century.  Economie  nationalism,  the  antithesis 
of  the  intemationalism  which  enriched  mankind  and  im- 
poverished  the  earth,  bids  fair  to  save  the  remaining  fruits 
of  internationalism's  vietory  by  enabling  the  obvious, 
common-sense  measures  of  soil  conservation  to  be  adopted 
on  a  scale  commensurate  with  the  extent  of  erosion.  The 
medicine  is  strong  and  unpalatable,  but  the  Earth  cannot 
safely  forgo  treatment  until  the  wounds  on  its  surface  are 
healed. 

The  very  fact  that  practieally  no  conservation  policies 
relative  to  the  land  were  seriously  advocated  anywhere 
before  the  war  indicates  the  impracticability  of  introduc- 
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ing  conservation  under  the  economie  conditions  then  pre- 
vailing.  There  was  plenty  of  need  for  conservation; 
America  and  Africa  had  for  many  years  been  able  to  show 
glaring  examples  of  spreading  land  destruction;  the  primary 
causes  of  erosion  and  the  measmres  necessary  for  its  cure 
had  akeady  been  realized,  but  the  preventive  measures 
were  not  acceptable.  Everything  that  the  land  could  be 
made  to  produce  could  be  disposed  of,  and  locai  restric- 
tions  on  the  means  of  production  were  naturally  regarded 
with  disf avour.  Nationalism,  pressing  as  hard  on  one's  rivai 
as  on  oneself,  has  changed  ali  that,  and  is  accomplishing 
the  seemingly  impossible  task  of  inducing  the  human  race 
to  put  the  needs  of  the  land  before  its  own  immediate 
material  welf  are. 

If  we  consider  the  principal  measures  which  will  bave  to 
become  basic  practices  in  land  utilization  if  erosion  is  to  be 
checked  and  the  soil  is  to  recuperate,  it  will  be  obvious  that 
they  are  quite  incompatible  with  a  free  competitive 
economy.  Reforestation,  for  example,  must  take  out  of  cul- 
tivation  areas  that  could  stili  for  several  years  to  come  be 
more  profitably  used  for  agriculture.  Existing  forests  must 
be  managed  on  a  sustained-yield  system  under  which  the 
annual  cut  is  restricted  to  the  annual  growth  increment. 
Grazing  in  dry  regions  must  always  be  limited  to  the  carry- 
ing  capacity  in  poor  seasons;  the  naturai  tendency  under  a 
free  economy  to  stock  up  to  the  carrying  capacity  in  a 
good  or  even  'normal'  season  has  been  the  bane  of  Ameri- 
can, African  and  Austrahan  pastures.  On  pastoral  and 
arable  land,  in  boom  and  in  slump,  whether  the  occupier 
can  afford  it  or  not,  capital  must  be  retumed  to,  or  at  least 
not  removed  from,  the  soil.  The  economie  efficiency  of 
large-scale  monoculture  and  plantation  agriculture  which 
f orm  the  basis  of  intemational  trade  in  food  must  be  super- 
seded  by  mixed  farming,  rotational  agriculture,  'conserva- 
tion cropping'  and  suchlike  practices  which  cost  more  in 
money,  labour  and  thought  than  monocultura!  systems. 
The  eff ect  on  intemational  trade  in  staple  food  products  if 
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conservative  farming  were  widely  substituted  for  exploita- 
tive  extensive  monoculture  would  be  incalculable,  but 
whatever  the  effect,  it  would  be  more  rightly  attributed  to 
nationalism  than  to  national  eff orts  at  soil  conservation. 

Conservation  systems  of  land  utilization  are  not  neces- 
sarily  uneconomical;  in  fact,  most,  if  not  ali,  should  ulti- 
mately  be  more  productive  than  are  exploitative  systems. 
Some  measures  whose  adoption  has  been  extended  by  the 
realization  of  the  dangers  of  soil  exploitation  react  to  the 
immediate  financial  advantage  of  the  land  occupier,  for 
example,  forest  fire  protection  and  possibly  the  so-called 
'forestry'  system  of  rubber  cultivation  in  which  little  or  no 
v^eeding  is  done,  the  naturai  flora  being  allowed  to  grow 
and  protect  the  soil  by  its  cover.  AH  conservation  farming, 
however,  involves  the  maintenance  or  restoration  of  soil 
capital  and  cannot  therefore  be  in  general  so  immediately 
profitable  as  exploitative  farming  where  the  conversion  of 
soil  capital  into  cash  is  regarded  as  a  fair  dividend  on  the 
price  paid  for  the  land.  The  fact  that  the  more  capital  is 
restored  to  the  soil  the  higher  and  more  substained  will  be 
the  dividends  it  will  ultimately  yield  is  not  to-day  sufficient 
inducement  to  anybody  to  put  capital  back  while  there  is 
stili  any  to  take  out.  The  farming  community,  im- 
poverished  by  debt  and  the  wasting  away  of  its  principal 
asset,  is  in  no  position  to  plough  its  earnings  back  into  the 
soil.  Real  earnings  from  the  exhausted  Earth  bave  to  be 
supplemented  on  an  immense  scale  with  subsidies,  bribes 
and  price  manipulations  to  give  occupiers  of  land  ali  over 
the  world  sufficient  to  keep  them  going  at  ali. 

The  necessary  inducements  to  conserve  the  soil  by  re- 
turning  real  or  artificial  profits  to  it  instead  of  using  them 
for  material  advancement  take  the  f orm  of  onerous  restric- 
tions  on  production  and  trade  which  make  impossible  the 
free  interchange  of  goods  between  town  and  country,  and 
between  nation  and  nation.  These  restrictions  bave  operated 
against  the  material  interests  of  the  great  majority  of  peo- 
ple,  who  dislike  them  but  are  helpless  to  remove  them. 
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They  are  seriously  obstnicting  what  appears  to  be  the  one 
ultimate  economie  goal  of  mankind— the  conversion  of  ali 
soil  fertility  into  less  messy  and  more  easily  consumable 
forms  of  wealth.  In  short,  they  are  causing  widespread 
poverty  in  the  midst  of  potential  plenty. 

It  is  scarcely  possible  to  imagine  an  International  con- 
ference,  called  to  solve  the  economie  problem  of  world- 
wide  soil  exhaustion,  agreeing  upon  a  comprehensive  pian 
—and  sixty-odd  sovereign  governments  implementing  it— 
to  perpetuate  poverty  amidst  plenty  and  cause  dwellers  in 
towns  and  distant  countries  to  pay  back  to  the  exhausted 
soils  the  capital  they  and  their  f orefathers  had  taken  from 
them  and  consumed.  Yet  Nature's  rough  justice  is  achiev- 
ing  that  end.  The  nations  are  voluntarily  denying  them- 
selves  the  inestimable  luxury  of  free  international  inter- 
course,  made  possible  for  the  first  time  by  scientific 
progress,  and  the  weary  soils  of  the  New  World  will  get 
a  chance  to  rest  and  slowly  recuperate.  The  Old  World  no 
longer  welcomes  the  surplus  produce  of  the  New;  it  elects 
to  strain  its  own  carefully  husbanded  soil  fertility  to  the 
utmost  to  attain  at  any  cost  the  goal  of  self-sufficiency,  a 
dubious  refuge  in  case  of  war.  Economie  nationalism  is 
thus  slowly  but  surely  eff  ecting  a  more  equal  redistribution 
of  soil  capital  and  forcing  a  check  to  the  excessive  exploita- 
tion  of  newly  developed  lands.  Soil  exhaustion  under  the 
influenee  of  international  eapitalism  during  the  last  century 
was  astonishingly  rapid  and  was  accompanied  by  an  ali- 
round  increase  in  material  prosperity;  soil  recuperation 
promises  to  be  a  much  more  graduai  process,  unaccom- 
panied  by  much  that  the  future  historian  will  be  able  to 
record  as  material  progress. 

The  recent  wave  of  extreme  nationalism  has  only  swept 
over  the  world  during  the  last  decade  or  so,  and  its  healing 
influenee  on  the  soil  has  scarcely  yet  had  time  to  beeome 
apparent.  Nevertheless,  it  is  certain  that  the  wamings  of 
the  farsighted  would  bave  been  unheeded,  or  not  long 
heeded,  had  unlimited  opportunity  for  exploitation  under  a 
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free  world  economy  existed.  No  nation  could  husband  its 
resources  or  curb  the  application  of  new  science  to  acquir- 
ing  wealth  under  those  conditions.  Theodore  Roosevelt's 
great  conservation  plans  withered  in  the  expanding  pros- 
perity  of  pre-war  America;  they  died,  were  buried  and 
rorgotten  during  the  war  and  post-war  booms,  but  they 
have  been  resuscitated  by  nationalism  and  its  parents— 
slump  and  the  f  ear  of  war. 

The  Agricultural  Adjustment  Act  in  the  United  States 
illustrates  some  of  the  ways  in  which  world-wide  national- 
ism is  forcing  a  country  to  adopt  a  conservation  policy 
against  the  opposition  of  vested  interests  and  contrary  to 
the  national  temperament.  The  refusai  of  the  United  States 
to  take  payment  in  goods  from  their  debtors  and  the  high 
tariifs  imposed  by,  and  the  poverty  of,  the  debtors  caused 
an  enormous  drop  in  agricultural  exports  in  the  decade  fol- 
lowing  the  war.  Acreages  and  exports  of  wheat  were, 
approximately: 


Acres 

Exports 

I9I4 

-     54,000,000 

148,000,000  bushels 

1920 

-  62,000,000 

369,000,000   " 

1932 

-  57,000,000 

41,000,000   " 

1934 

-  50,000,000 

2 1 ,000,000   " 

The  acreage  required  to  supply  total  exports  of  ali  crops 
dropped  from  84,000,000  in  1920-21  to  39,000,000  in 
1933-34.  I^  view  of  the  situation  on  international  debts, 
tariffs  and  foreign  lending,  the  chances  of  restoring  even 
the  pre-war  export  figures  are  infìnitesimal.  The  alterna- 
tive is  the  adoption  of  a  nationalistic  policy  aiming  at  ad- 
justing  production  to  the  internai  demand.  This  alternative 
'answers  the  need  of  the  emergency,  but  demands  super- 
human  efforts  if  it  is  to  be  permanent'.^  At  the  same  time, 
the  necessary  adjustments  to  a  lower  level  of  production  in 
export  commodities  should  give  opportunity  to  rest  the 
exhausted  and  eroded  soils  which  were  unsuitably  cropped 

^U.S.  Department  of  Agriculture  Yearbook,  1934,  p.  7. 
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under  the  stimulus  of  war-tdme  prices,  and  maintained  in 
cultivation  under  the  economie  stress  of  the  agricultural 
depression.  The  fact  that  'superhuman  efforts'  will  be  re- 
quired  to  ensure  adequate  rest  to  the  land  suggests  that 
nothing  short  of  irresistible  external  pressure  could  achieve 
that  end. 

The  Agricultural  Adjustment  Act  aimed  at  restricting 
production  to  the  probable  domestic  and  foreign  demand 
by  allotting  maximum  acreages  which  each  farmer  could 
use  for  the  different  crops.  Farmers  who  reduced  produc- 
tion were  compensated  to  an  extent  which  made  it  more 
profitable  to  co-operate  in  the  scheme  than  to  maintain 
their  former  production  without  compensation.  In  this 
way  a  very  high  degree  of  co-operation  was  ensured.  Com- 
pensation was  paid  from  funds  obtained  from  a  tax  on 
domestic  processing  of  farm  produce.  As  might  be  ex- 
pected,  this  Act  to  restrict  production  and  individuai  free- 
dom  (while  at  the  same  time  grandiose  schemes  for  re- 
claiming  arid  lands  in  other  parts  of  the  country  were 
being  sanctioned)  met  with  great  opposition  from  ali 
sides,  and  in  1935  the  Supreme  Court  declared  the  pro- 
cessing tax  to  be  unconstitutional  on  the  grounds  that  'it 
had  been  imposed  pursuant  to  an  unconstitutional  delega- 
tion  of  legislative  power'.^  The  necessity  of  persevering 
with  agricultural  adjustment,  both  as  a  means  of  over- 
coming  present  economie  difficulties  and  as  a  long-time 
policy,  is,  however,  emphasized  by  the  Department  of 
Agriculture  which  has  pointed  out  that  the  only  apparent 
alternative  is  the  adoption  of  a  free-trade  policy  supported 
by  foreign  loans  to  raise  Ajnerican  agricultural  exports 
to  their  former  figiu'e.  Incidentally,  this  alternative,  wel- 
comed  as  it  would  be  by  foreign  industriai  and  domestic 
agricultural  interests,  would  probably  extinguish  the  grow- 
ing  national  sentiment  in  favour  of  soil  conservation. 

How  far  the  Act  has  succeeded  in  contracting  crop 
acreages  and  production  is  difEcult  to  estimate,  for  since  its 

WS.  Department  of  Agriculture  Yearbook,  1936,  p.  12. 
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inception  drought  has  been  far  more  effective  in  that  way 
than  the  Act.  The  Act  was  conceived  as  an  economie 
palliative  and  not  as  a  soil-conserving  measure,  but  its 
potentialities  in  the  lattei  direction  are  now  recognized, 
and  the  Agricultural  Adjustment  Administration  is  co-or- 
dinating  its  activities  with  those  of  the  Soil  Conservation 
Service.  The  Administration  emphasizes  the  importance  of 
substituting  for  productive  soil-exhausting  crops,  whose 
acreage  is  being  restricted,  less  productive  soil-conserving 
crops  like  grass  and  legumes.  Every  encouragement  is 
given  to  farmers  to  practise  positive  soil  conservation 
wherever  they  are  debarred  by  human  or  superhuman 
forces  from  soil  exploitation.  The  AAA  is  a  small  begin- 
ning,  inadequate  in  its  results,  opposed  and  partially 
wrecked  by  more  numerous  and  powerful  interests  than 
supported  it,  contrary  to  the  canons  of  orthodox  eco- 
nomics,  and  irritating  to  American  individualism.  Within 
two  years,  drought  largely  achieved  the  AAA's  object  of 
eliminating  farm  surpluses,  and  apparently  removed  the 
need  for  government  interference. 

But  if  drought  has  been  more  successful  than  legislation, 
it  is  even  less  popular  and  reliable.  It  removed  one  eco- 
nomie obstacle  to  recovery,  but  it  exposed  and  intensified 
other  more  f undamental  obstacles  to  lasting  prosperity  and 
security.  While  the  AAA  was  being  condemned  as  futile, 
costly  and  un-American,  dust  storms  were  proclaiming 
that  agricultural  adjustment  must  be  perse vered  with  and 
intensified,  not  for  its  originai  purpose  of  preventing  wheat 
being  burnt  by  not  growing  it,  but  in  one  f orm  or  another 
as  the  only  sure  basis  of  a  national  soil-conservation  policy. 
The  AAA  was  a  shot  in  the  dark,  designed  to  prevent 
the  conversion  of  soil  capital  into  goods  unwanted  by  a 
nationalist  world;  it  has  come  to  stay  and  to  develop  as  an 
instrument  for  conserving  soil  capital  whether  or  not  the 
old  opportunities  for  unlimited  exploitation  return.  The 
most  dangerous  enemy  to  agricultural  adjustment  and  soil 
conservation  in  America  would  be  a  revival  of  economie 
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internationalism,  but  it  is  improbable  that  that  will  happen 
before  the  United  States  bave  so  re-organized  their  agri- 
culture  under  the  pressure  of  nationahsm  that  they  bave 
little  or  nothing  to  sell  abroad. 

Sooner  or  later,  far-reaching  restrictions  on  the  use  of 
land  will  bave  to  be  enforced  in  every  country  where 
erosion  is  progressing.  Very  little  direct  anti-erosion  legis- 
lation  has  been  enacted  in  the  world,  and  where  it  is  in 
force  it  is  merely  a  temporary  palliative.  It  dares  not  strike 
at  the  economie  cause  of  erosion.  The  peoples  will  not 
voluntarily  forgo  the  wealth  which  applied  science  dangles 
elusively  before  them.  Without  some  irresistible  economie 
compulsion  from  outside,  no  government  could  carry 
through  and  maintain  a  policy  of  moderation  amid  abun- 
dance  to  be  had  for  the  taking.  Economie  nationalism 
can  apply  the  screw  and  make  restrietive  legislation  in- 
evitable,  and  even  beneficent  enough  to  merit  the  euphe- 
mism  'conservation  planning'.  Ali  over  the  world  it  is  the 
fault  of  the  rest  of  the  world  that  soil  conservation  has 
a  chance  to  succeed. 
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Politicai  and  Social  Consequences 
of  Erosion 

I.  GENERAL  CONSIDERATIONS 


The  matntenance  and  restoratìon  of  fertility  on  eroding  land 
involve  readjustment  of  condìttons  of  land  tenure.  The  tivo 
matn  problems:  adjustment  to  tropical  and  semì-arid  en- 
vtronments.  The  planfs  supremacy  over  man  on  tropical 
soils.  Grassland  ìs  intermediate  between  irrigable  land  and 
forest,  both  of  ivhich  have  been  successfully  colonized  by 
men.  The  return  of  the  forest  under  State  protection  on 
deforested  land. 


A  HE  RISE  in  farm  prices  after  1932  put  many  occupiers 
of  land  into  a  position  in  which  they  could  aff ord  to  take 
measures  f or  conserving  or  improving  the  soil.  Large  areas, 
however,  were  too  exhausted  to  aff  ord  a  living  at  any  prac- 
tical  price  level,  and  had  to  be  abandoned.  On  less  ex- 
hausted land  and  in  newly  settied  regions  where  past  mis- 
takes  might  be  repeated  in  the  future,  the  problem  is  now 
to  ensure  that  at  least  a  part  of  any  available  profit  should 
be  allocated  to  the  maintenance  of  soil  fertility.  This 
world-wide  problem  must  be  tackled  as  a  whole,  other- 
wise  soil  conservers  would  be  placed  at  an  immediate  eco- 
nomie disadvantage  in  relation  to  soil  exploiters.  We  have 
seen  in  the  last  chapter  that  the  problem  is  crudely  but 
eff ectively  solving  itself  through  the  growth  of  economie 
nationalism.  It  involves  also  a  re-consideration  of  the  con- 
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ditions  of  land  tenure— a  reconstxuction  of  the  f  oundations 
of  national  economie  systems  to  conf  orm  to  the  properties 
of  the  soils.  It  has  been  abundantly  shown  that  the  indi- 
viduai equipped  with  a  good  market  and  modem  culti- 
vating  machinery  may  become  a  danger  to  society  if  given 
a  free  hand  with  his  soil.  It  has  become  too  easy  and  too 
profitable  to  draw  on  soil  capital,  and  by  overdrawing  to 
postpone  the  day  of  reckoning  until  too  late. 

To-day,  the  peoples  of  the  world  are  groping  their  sev- 
eral  ways  towards  systems  of  land  tenure  compatible  with 
continuing  the  stability  of  the  soil.  Erosion  occurs  where 
men  hold  the  land  wrongly,  whether  on  forest,  grassland 
or  tropical  soils,  but  although  the  general  result  is  the  same 
everywhere,  the  conditions  of  land  tenure  necessary  to  en- 
sure  soil  stability  will  be  found  to  vary  according  to  the 
soils  and  climate.  About  these  conditions,  however,  the 
phenomena  associated  with  soil  erosion  teli  us  nothing. 
They  merely  indicate  that  something  is  seriously  wrong. 

There  are  several  basic  sociological  problems  which  the 
phenomena  of  soil  erosion  bave  brought  to  the  fore  in  the 
New  World,  the  most  important  being  the  adjustment  of 
a  civilized  society  to  a  sub-humid  or  semi-arid  grassland 
environment.  Another— the  adjustment  of  civilization  to  a 
tropical  environment— is  much  more  difficult  to  solve;  in- 
deed,  it  may  be  found  to  be  unsolvable  without  a  com- 
plete re-definition  of  civilization.  There  are  numerous 
intermediate  stages  between  the  semi-arid  environment 
(exemplified  by  the  North  American  prairies)  and  the 
tropical  environment  (exemplified  by  East  Africa) .  Some 
of  these  intermediate  stages,  notably  South  Africa,  present 
many  of  the  difficulties  of  both  the  extreme  stages. 

The  people  of  European  stock  who  bave  occupied  the 
semi-arid  grasslands  bave  accommodated  themselves  with 
varying  success  to  the  physical  environment  and  bave 
assimilated  or  annihilated  the  native  races.  Their  task  of 
arresting  progressive  soil  exhaustion  is  primarily  one  of 
adjusting  human  to  naturai  economy.  On  the  other  hand, 
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economie  adjustment  in  the  tropics,  far-reaching  as  it  must 
be,  pales  into  insignifìcance  before  the  problem  of  racial 
adjustment.  The  native  inhabitants  bave  enormous  physical 
advantages  over  their  conquerors,  and  it  is  doubtful 
whether  the  intellectual  superiority  of  the  latter  goes  far 
to  balance  the  account.  The  African  natives,  despite  their 
backward  and  murderous  mode  of  living  (according  to 
modem  standards)  before  the  advent  of  Europeans,  had 
found  and  accepted  their  place  in  an  environment  where 
the  vegetable  world  was  supreme  over  the  animai  world. 
The  Europeans  bave  attempted  to  rob  the  forest  of  its 
servants,  but  they  bave  failed  to  come  to  terms  with  the 
lord.  We  bave  paid  scant  attention  to  tropical  plant 
ecology  in  comparison  with  what  we  bave  paid  to  more 
immediately  lucrative  aspects  of  tropical  life,  but  unless 
that  deficiency  in  our  knowledge  can  be  made  good  soon, 
the  tropical  vegetation  will  decide  for  us  the  respective 
parts  which  white  and  black  men  are  to  play  in  restoring 
Nature's  equilibrium. 

The  semi-arid  grasslands  are  usually  interposed  between 
arid  regions,  where  agriculture  is  only  possible  with  irriga- 
tion,  and  temperate-forest  regions.  To  neither  of  these  is 
civilized  man  such  a  complete  stranger  as  he  is  to  prairies 
and  steppes.  Civilization  was  nurtured  from  its  birth  on 
irrigation,  and  much  can  be  learnt  from  the  past  and 
adapted  to  present  conditions  where  irrigation  communi- 
ties  bave  to  compete  with  others  more  favourably  placed 

26  a.  Texas,  U.S.A.  Photograph  taken  on  June  27,  1936.  Uncon- 
trolled  erosion  has  made  living  impossible,  successive  ivheat 
failures  bave  occurred  since  1932,  and  the  house  has  been  vacated 
since  ip34.  No  vegetation  and  thousands  of  sand  drifts  over  the 
section,  as  can  be  seen  in  the  pasture  in  the  foreground.  26  b. 
Texas y  US. A.  Photograph  taken  on  September  3,  ip3j.  Stabiliza- 
tion  of  above  hummocked  field  with  cover  crop.  Hummocks 
levelled  in  August  1936,  drilled  to  avheat  in  the  autumn  of  1936 
and  bleiv  out.  Terraced  in  February  1931,  and  planted  to  a  cover 
crop  of  milo  in  July  1931.  See  page  184. 

[  232  ] 


POLITICAL,  SOCIAL  CONSEQUENCES  OF  EROSION-I 

with  regard  to  water.  Soil  erosion  on  irrigateci  land  is  sel- 
dom  so  serious  a  danger  as  soil  alkali,  which  chemistry 
and  prudence  should  be  able  to  circumvent  without  in- 
flicting  great  economie  hardship  on  the  community.  Irriga- 
tors  have  always  been  subject  to  certain  restrictions  on  the 
use  of  their  land,  if  only  in  connexion  with  their  rights  to 
water.  Ancient  irrigation  civilizations  throve  on  despotism 
where  the  State,  in  the  person  of  the  despot,  had  ultimate 
control  of  the  use  of  irrigation  water.  It  may  be  significant 
that  one  of  the  most  successful  irrigation  communities  of 
recent  times— the  Mormon  colony  in  Utah— was  also 
founded  on  a  form  of  despotism. 

The  disastrous  erosion  which  has  foUowed  the  destruc- 
tion  of  virgin  forests  in  North  America  and  Russia  and 
on  important  watersheds  throughout  the  world  has  been 
the  result  of  opening  up  forest  land  too  rapidly.  Modem 
civiUzation  should  feel  most  at  home  on  temperate  forest 
soils,  on  which  it  has  slowly  been  evolving  for  a  thousand 
years.  But  the  evolution  of  European  civiUzation  was  a 
process  of  graduai  and,  on  the  whole,  orderly  transforma- 
tion  of  forest  into  agricultural  land.  The  opening-up  of 
Eastem  America  was  revolutionary  rather  than  evolu- 
tionary.  There  was  insufficient  time  for  naturai  ecologica! 
adjustments  to  talee  effect,  and  men  gave  little  thought  to 
stabilizing  the  soil  with  a  view  to  permanent  settlement. 
There  was  no  market  for  the  almost  Kmitless  supply  of 
timber,  and  when  the  superiority  of  fire  over  the  axe  as  an 
instrument  for  getting  rid  of  unwanted  wood  was  recog- 
nized,  the  pace  of  both  forest  destruction  and  soil  de- 
terioration  was  enormously  accelerated.  By  the  time  the 

27  a.  Texas,  US.A.  Photograph  taken  August  1936.  Dunes 
built  up  in  a  field  ivhich  was  native  blue-grama  pasture  in  1930. 
The  land  luas  cultivated  for  three  years  only,  and  then  abandoned 
in  193 3'  The  posts  place d  around  the  dune  are  used  to  measure 
the  rate  of  movement.  See  page  184.  27  b.  Southern  Alberta.  Air 
photograph  of  strip  farming  in  the  first  district  to  adopt  this  as  a 
conmiunity  developmeìit.  See  pages  188-89. 
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harmful  effects  of  fire  on  the  land  were  recognized,  the 
market  for  timber  had  become  insatiable,  and  forests  were 
cut  down  solely  for  the  sake  of  their  timber,  and  utterly 
regardless  of  the  consequences  to  the  soil,  which  was  fin- 
ished  with,  as  far  as  the  owners  were  concemed,  when  the 
trees  had  been  removed.  These  heavily  cut-over  and  ex- 
ploited  forest  lands  are  often  not  only  worthless  agri- 
culturally,  owing  to  soil  deterioration  and  erosion,  but  also 
constitute  a  serious  menace  to  outlying  districts  owing  to 
the  loss  of  the  control  which  the  former  forests  exercised 
over  the  water  regime  of  rivers.  In  Eastern  America  there 
has  been  a  noticeable  tendency  within  the  last  few  years 
to  allow  cultivated  and  now  exhausted  former  forest  land 
to  go  into  pasture  or  revert  to  secondary  forest;  between 
1920  and  1930  there  was  a  decrease  of  33  million  acres  in 
the  cropped  area  of  the  United  States,  mostly  in  the  eastern 
States.  If  these  abandoned  areas  are  left  long  enough,  they 
should  ultimately  become  clothed  again  with  good  forests. 

This  modem,  rapid  conquest  of  the  forest  thus  promises 
to  be  of  short  duration.  The  best,  and  best  cared-for,  land 
will  remain  under  the  plough,  the  exhausted  and  eroded 
soils  and  land  occupying  key  positions  on  watersheds  will 
be  re-forested  naturally  or  artiiScially.  The  world  de- 
mand  for  forest  products  increases  steadily  and  will  in  time 
overtake  the  supply;  the  re-forested  land  will  become  a 
more  enduring  economie  asset  than  it  ever  was  under  agri- 
culture.  Nor  will  the  forests  ever  again  be  so  ruthlessly 
exploited  as  in  the  past.  The  vital  part  they  play  in  regu- 
lating  the  waters  that  can  make  or  destroy  a  civilized  com- 
munity is  now  common  knowledge  gained  by  painful  ex- 
perience.  The  forests  of  the  future  will  be  as  carefully 
tended  as  the  most  valued  arable  fields  of  the  past.  They 
will  become  permanent  and  protected  parts  of  the  State,  no 
longer  regarded  as  mines  to  be  exhausted  of  their  wealth 
and  then  abandoned. 

The  importance  of  managing  forests  on  a  sustained-yield 
basis  has  been  realized  for  a  long  time  in  Europe  where 
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many  countries  enforce  the  policy  by  law— for  example, 
either  by  restricting  forest  owners  as  to  the  amount  of 
wood  that  they  may  cut,  or  compelling  them  to  re-plant 
as  much  land  as  they  clear.  While  there  are  indications— 
they  can  be  regarded  as  nothing  more— that  nationalism 
and  the  struggle  towards  self-sufficiency  are  driving  certain 
European  countries,  like  Germany,  to  relax  in  part  their 
traditional  protective  policies  towards  their  forests  the 
same  influences  are  facilitating  in  the  more  recently  ex- 
ploited  forest  lands  the  State  enforcement  of  forest  pro- 
tection. 

The  tendency  for  the  State  to  become  the  principal 
forest  owner  is  an  almost  inevitable  consequence  of  adopt- 
ing  or  enforcing  a  protective  forest  policy,  since  the 
benefìts  are  mainly  communal.  A  protected  forest  usually 
gives  a  low  return  on  the  capital  invested  and  the  capital, 
while  it  may  appreciate  (or  depredate)  with  time,  is  un- 
realizable,  besides  being  subject  to  risks  at  least  as  great  as 
if  it  were  invested  in  a  similarly  yielding  industriai  security. 
Private  forestry  on  virgin  land  is  notoriously  destructive 
and  public  opinion  ali  over  the  world  is  being  mobilized  to 
prevent  the  harmful  exploitation  of  existing  forests.  Since 
protected  forests  offer  little  inducement  to  private  capital, 
resistance  to  State  ownership  or  control  should  gradually 
decline  under  the  combined  pressure  of  public  opinion  and 
economie  forces. 
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.HE  PROBABLE  FUTURE  TRENDS  of  land  tCnurC   OH  Sub- 

humid  and  semi-arid  grassland  are  stili  somewhat  obscure. 
Some  students  hold  the  opinion  that  only  exceptionally 
gifted  men  can  hold  their  own  unaided  against  the  un- 
wonted  rigours  of  the  grassland  environment.  The  ordi- 
nary  would-be  civilized  man  destroys,  or  is  first  destroyed 
by,  prairie,  steppe  or  veld.  This  single-handed  impotence 
against  Nature  is  in  marked  contrast  to  the  strong  sense  of 
individualism  which  the  open  prairie  instils  in  the  settler. 
Russia  has  enforced  collectivism  on  a  recalcitrant  peas- 
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antiy,  not  originally  as  a  measure  against  soil  erosion  but  as 
an  essential  part  of  a  revolution  that  had  its  roots  in  the 
steppes  and  was  nurtured  on  the  disparity  between  politi- 
cai and  naturai  economy.  Erosion  in  Russia,  though  wide- 
spread  and  severe,  particularly  in  the  highly  cultivated 
black-soil  region,  was  not  recognized  as  a  man-made  phe- 
nomenon  until  after  the  revolution,  and  its  economie  and 
politicai  significance  only  within  the  last  few  years.  The 
advantages  of  coUective  f arming  under  State  control  in  the 
struggle  against  erosion  are  now  being  emphasized.^ 

The  position  in  Russia  before  the  liberation  of  the  serfs 
(1861)  seems  to  have  been  comparable  to  that  in  America 
when  the  possibilities  of  agricultural  mechanization  were 
realized.  The  landowners'  aim  was  to  get  the  maximum 
out  of  the  soil  in  the  shortest  time  with  the  least  expendi- 
ture  on  labour  and  improvements.  Sheet  erosion  was  ex- 
tensive,  though  generally  unnoticed  and  not  associated 
with  the  new  gullies  that  continued  to  break  up  the  land. 
Fortunately  for  Russia,  too,  the  agricultural  'tempo'  was 
much  slower  than  in  America.  The  subsequent  growth  of  a 
free  peasant  class,  possessing  mainly  the  poorer,  sheet- 
eroded  lands  and  working  in  direct  competition  with  the 
large  landowners,  accelerated  erosion  further,  and  as  the 
soils  were  exhausted  or  destroyed,  cultivation  extended  on 
to  steep  slopes  and  forest-covered  watersheds.  The  peas- 
ants  were  powerless  against  the  economie  and  naturai 
forces  confronting  them,  and  their  influence  on  the  soil 
was  mainly  destructive.  The  abortive  agrarian  reforms  of 
Stolypin  aimed  at  checking  agricultural  deterioration  by, 
inter  alia,  enclosing  the  open-field  communes,  but  were 
of  too  short  duration  to  have  noticeable  results  on  the 
soil.  Neither  did  the  first  agricultural  developments  after 
the  socialist  revolution  produce  any  better  effects.  The 
peasants  retained  individuai  ownership,  the  larger  holdings 
being  'liquidated'  and  the  land  re-divided  on  apparently  the 

^Soìl  Erosion.  Dokuchaev  Institute  of  Soils:  Academy  of  Sciences,  U.S.S.R. 
1937,  (In  Russian.) 
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most  equitable  basis— namely,  in  narrow  strips  running  up 
and  down  the  slopes,  and  highly  conducive  to  rapid  ero- 
sion. 

Within  eighty  years  the  Russian  steppes— in  what  might 
be  regarded  as  a  spontaneous  effort  to  adjust  themselves  to 
an  awakening  civilization— have  experimented  with  and  re- 
jected  Systems  of  land  tenure  represented  by  feudalism, 
communal  open-field  farming  (i  861-1900),  enclosures 
and  capitaKsm  (1905-19 14),  coUectivism  and  socialism 
(1922).  Whether  the  last-named  will  evolve  into  some- 
thing  more  enduring  and  better  suited  to  the  steppe  en- 
vironment  than  earlier  systems  cannot  yet  be  foretold.  As 
far  as  erosion  is  concerned,  there  is  reason  to  believe  that 
coUectivism  of  some  kind  could  be  made  to  have  a  more 
stabilizing  influence  on  the  soil  than  any  previously  tried 
system  of  land  tenure.  In  particular,  it  obviates  the  neces- 
sity  of  taldng  individuai  property  boundaries  and  interests 
into  consideration  in  organizing  soil  protection  on  a  re- 
gional  basis.  With  coUectivism  and  State  ownership  of  ali 
land  as  fundamentals  of  agrarian  policy,  some  of  the  main 
politicai  obstacles  to  carrying  through  a  rational  soil- 
conservation  programme  have  been  obviated. 

With  theoretically  complete  control  over  the  land,  the 
State  proposes  to  introduce  a  system  of  crop  rotations  in- 
cluding  several  years  under  sod,  with  the  object  of  main- 
taining  the  naturai  granular  structure  of  the  black  steppe 
soils  and  developing  a  similar  structure  on  other  soils.  This 
will  mean  a  revolution  in  natural-grassland  agriculture,  and 
we  cannot  yet  say  whether  it  is  practicable.  On  the  face  of 
it,  mixed  farming  seems  altogether  desirable;  it  would 
stimulate  animai  husbandry,  provide  organic  manures, 
diversify  farm  produce  and  bind  the  farm  worker  closer  to 
the  land,  but  it  must  be  bome  in  mind  that  neither  in  Rus- 
sia nor  elsewhere  has  intensive  mixed  farming  been  tried 
out  as  the  standard  agricultural  system  on  open,  semi-arid 
grassland.  Mixed  farming  will  not  necessarily  be  so  well 
suited  to  steppe  soils  with  modem  technique  under  social- 
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ism  as  it  has  been  to  forest  soils  under  capitalism.  Only  the 
future  can  teli. 

The  wholesale  destruction  of  Russian  and  Siberian 
forests  without  adequate  provision  for  soil  protection  is  in 
marked  contrast  to  the  well-grounded  conservation  policy 
which  is  being  evolved  for  the  plains  and  steppes.  The 
immense  northem  primeval  forests  may  receive  protection 
later,  but  at  present  their  exploitation  provides  much 
needed  cash  which  otherwise  might  have  to  be  obtained  at 
the  cost  of  the  fertility  of  the  steppes.  It  is  on  these 
naturally  ideal  agricultural  soils,  on  which  feudalism  made 
little  headway  and  which  have  escaped  the  main  disaster 
inflicted  by  an  unrestrained  capitalism  on  the  American 
prairies,  that  an  untried  socialism  has  a  clear  field  for  ex- 
periment  and  the  greatest  chance  of  success. 

Although  economie  and  technical  progress  has  been 
more  apparent  on  the  North  American  than  on  the  Rus- 
sian Plain,  economie  adjustment  to  the  prevaiUng  soil  type 
has  hitherto  been  less  revolutionary.  There  can  be  no 
doubt,  however,  that  adjustment  is  proceeding  apace,  and 
that  a  main  driving  force  behind  the  process  is  the  menace 
of  soil  erosion.  Owing  to  both  climatic  and  economie  cir- 
cumstances,  erosion  is  more  advanced  and  widespread  in 
the  United  States  than  in  Canada,  but  the  problem  differs 
in  degree  rather  than  in  kind  on  either  side  of  the  Interna- 
tional Line.  American  students  of  the  position  are  fuUy 
alive  to  the  terrific  impact  which  erosion  is  having  on  the 
economie  structure  of  the  United  States.  The  Report  of 
the  National  Resources  Board  (Section  I)  issued  in  1934 
commences: 

'The  traditional  American  attitude  toward  land  has  been 
to  develop  and  exploit  it  as  rapidly  as  possible,  with  little 
regard  for  the  consequences.  This,  to  be  sure,  was  the 
naturai  attitude  of  a  new  Nation  reacting  against  the  eco- 
nomie restrains  of  mercantilism  and  the  remnants  of 
medieval  land  tenute,  and  confronted  with  an  apparently 
illimitable  array  of  resources.  This  attitude  contributed  to 
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rapid  expansion  and  development,  but  at  the  same  rime  pro- 
duced  a  planless,  crazy-quilt  pattern  of  land  use,  destroyed 
or  impaired  a  large  proportion  of  the  Nation's  irreplacable 
resources,  and  wrecked  the  hopes,  aspirations,  and  the  very 
lives  of  untold  thousands  of  people. 

'In  no  other  field  of  our  economie  activity  has  the  doc- 
trine  of  laissez  faire  been  given  freer  rein  than  in  the  use 
of  our  agricultural  lands.  Farm  lands  have  been  used  and 
abused  and  bought  and  sold  as  mere  commodities,  prac- 
tically  without  restriction.  Indeed,  the  extreme  of  laissez 
faire  has  been  reached  with  respect  to  some  of  the  Fed- 
erai Government's  own  lands,  on  which  unrestricted  graz- 
ing  has  been  permitted  to  the  point  of  destroying  valuable 
range  resources.' 

The  Report  of  the  Land  Planning  Committee  of  the 
National  Resources  Board  'presents  a  complete  reversai  of 
the  attitude  of  heedless  and  unplanned  land  exploitation.  It 
reflects  the  point  of  view  that  public  policy  should  aim  at 
eifecting  such  ownership  and  use  of  land  as  will  best  sub- 
serve general  welfare  rather  than  merely  private  ad- 
vantage.  .  .  .  It  points  out  glaring  maladjustments  in 
present  land  uses  and  proposes  public  policies  for  correct- 
ing  such  maladjustments  and  for  directing  land  uses  into 
the  most  productive  channels.' 

The  conflict  between  the  reluctance  of  the  present  gen- 
eration to  renounce  the  freedom  so  hardly  won  by  its 
predecessors  and  the  dawning  realization  of  the  inevitable, 
strikes  the  keynote  of  much  that  has  already  been  done 
towards  eifecting  a  re-adjustment  to  the  naturai  prairie 
environment.  The  United  States  has  not  plunged  for  col- 
lectivism  as  Russia  has,  but  the  obvious  impotence  of  the 
individuai  to  control  erosion  or  even  maintain  soil  fertility 
in  the  face  of  present  economie  circumstances  is  driving 
the  nation  in  that  direction.  The  hope  has  been  expressed, 
however,  'that  through  organized,  collective  action  re- 
strictions  of  inanimate  nature  may  be  removed  in  much 
larger  extent  than  human  restrictions  are  imposed,  and 
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that  the  net  result  will  be  enlargement  of  opportunity  for 
individuai  freedom  and  initiative.'^ 

A  waming  note  that  the  American  people  can  only  pre- 
serve their  freedom  on  the  Great  Plains  by  submission  to  a 
higher  authority  is  struck  by  another  officiai  document.^ 

'The  people  of  the  Plains  are  finding  their  way  toward 
an  attitude  of  mind,  deep-seated  and  not  often  brought 
out  into  the  open,  which  will  affect  both  their  thinking 
and  their  doing.  Many  of  the  assumptions  which  the  pio- 
neers  had  found  workable  in  other  regions,  under  other 
conditions,  bave  proved  unworkable  on  the  Plains.  The 
Plainsman  cannot  assume  that  whatever  is  for  bis  immedi- 
ate good  is  also  good  for  everybody— only  of  bis  long-run 
good  is  this  true,  and  in  the  short  run  there  must  often  be 
sacrifices;  he  cannot  assume  the  tight  al  way  s  to  do  with  his 
own  property  as  he  Hkes— he  may  ruin  another  man's  prop- 
erty  if  he  does;  he  cannot  assume  that  the  individuai  action 
he  can  take  on  his  own  land  will  be  sufficient,  even  for  the 
conservation  and  best  use  of  that  land.  He  must  realize 
that  he  cannot  conquer  Nature— he  must  Uve  with  ber  on 
ber  own  terms,  making  use  of  and  conserving  resources 
which  can  no  longer  be  considered  inexhaustible.' 

The  contemporary  transitional  period  between  the  old 
economy  suited  to  the  human  conquest  of  North  America, 
and  the  future  economy  adapted  to  securing  the  fruits  of 
victory  by  stabilizing  what  remains  of  the  soil,  must  be 
somewhat  chaotic,  and  it  is  difficult  to  analyse  present 
trends.  The  early  economy  of  the  western  prairies  and 
ranges  was  a  mixture  of  communism  and  capitalism,  with 
the  f ormer  giving  way  before  the  latter  as  the  country  be- 
came  settled.  The  policy  of  the  Federai  Government  was 
to  dispose  of  the  public  domain,  cheaply  or  freely,  to 
States  and  private  individuai  and  companies  with  the  ob- 
ject  of  encouraging  settlement  as  widely  and  rapidly  as 

^National  Resources  Board  Report,  p.  265. 

'The  Future  of  the  Great  Plains.  House  of  Representatives  Document  No. 
144.  75th  Congress,  ist  Session.  1937. 
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possible.  The  attainment  of  this  objective  was  accom- 
panied  by  a  completely  unco-ordinated  utilization  of  the 
land,  innumerable  malpractices  and  finally  loss  of  fertility 
and  erosion.  The  disposai  of  the  public  domain  did  not  in 
general  result  in  stable  ownership,  but  rather  in  a  per- 
nicious  kind  of  shifting,  exhaustive  cultivation,  the  owner 
moving  on  or  abandoning  his  property  after  extracting 
the  cream  of  soil  fertility.  The  average  term  of  farm 
tenancy  in  the  United  States  is  under  two  years.  The 
Homestead  Acts  of  191 1  and  19 16  flooded  the  open 
western  ranges  with  new  and  often  unsuitable  settlers  and 
upset  the  delicate  ecological  balance  hitherto  preserved  be- 
tween  the  mountain  summer  and  the  low-lying  winter  pas- 
tures.  Cropped  land  in  private  ownership  expanded  in  area 
until  1920;  between  1920  and  1929,  however,  there  was  a 
decrease  in  cropped  area  of  3  3  million  acres,  mostly  in  the 
Eastern  States  where  exhausted  and  eroded  soils  were 
allowed  to  revert  to  grass  or  f orest.  During  the  same  decade 
there  was  a  slight  net  increase  in  agriculture  in  the  Great 
Plains.  In  1934,  as  a  consequence  of  the  growing  public 
concem  at  the  misuse  and  destruction  of  the  land,  the  tra- 
ditional  policy  of  disposing  of  the  public  domain  was 
reversed,  and  the  Federai  Government  began  to  acquire 
more  land  than  it  disposed  of . 

A  significant  indication  of  the  change  in  national  senti- 
ment  from  unrestricted  private  tenure  to  public  protec- 
tion  of  the  land  is  given  by  the  passage  of  the  Taylor 
Grazing  Act  (1934)  which  'authorizes  the  withdrawal 
from  entry  of  80  million  acres  of  vacant,  unreserved,  un- 
appropriated  public  domain  and  its  organization  into  graz- 
ing districts  to  be  administered  by  the  Department  of  the 
Interior.  It  also  authorizes  administration  of  grazing  on 
land  included  in  withdrawals  amounting  to  about  30  mil- 
lion acres  insofar  as  grazing  is  consistent  with  the  pur- 
poses  of  the  withdrawal.  .  .  .  Broad  powers  are  con- 
ferred  on  the  Secretary  to  do  any  and  ali  things  necessary 
to  accomplish  the  purposes  of  the  law,  namely,  to  regniate 
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occupancy  and  use  of  grazing  land;  to  preserve  the  land 
and  its  resources  from  destruction  or  unnecessary  injury; 
to  provide  f or  the  orderly  use,  improvement,  and  develop- 
ment  of  the  range;  and  to  continue  the  study  of  erosion  and 
flood  control  and  to  perform  such  work  as  may  be  neces- 
sary  amply  to  protect  and  rehabilitate  the  range  lands.'^ 

The  Taylor  Grazing  Act  may  be  regarded  as  a  first  step 
towards  protecting  the  soil  from  the  consequences  of 
private  exploitation.  It  will  certainly  not  be  the  last.  There 
is  a  growing  demand  that  the  75  million  acres  classified 
as  *sub-marginal  land'  be  withdrawn  from  cuMvation  by 
Federai  authority  and  that  an  unspecified  area  which 
may  become  sub-marginal  be  fuUy  protected  from  un- 
restricted  exploitation.  Extensive  regions  bave  been  re- 
served  for  public  forest,  recreation  purposes  and  national 
parks.  How  far  and  in  what  direction  the  process  of  modi- 
fying  private  land  tenure  will  go,  is  impossible  to  say,  but 
the  alternative  to  the  process  is  the  disappearance  of  the 
United  States  as  a  world  power  (within  a  century,  accord- 
ing  to  some  authorities) . 

Although  it  is  impossible  to  make  any  generalized  state- 
ment that  will  be  true  for  the  whole  United  States,  there 
has  been  a  widespread  tendency— as  one  would  expect— for 
tenant-worked  farms  to  increase  at  the  expense  of  owner- 
worked  farms.  This  tendency  has  become  more  marked 
during  the  last  few  years.  In  one  region  in  the  Missouri 
Valley,  for  example,  tenant-worked  farms  increased  by 
35  per  cent  between  19 io  and  1935  and  by  8  per  cent  be- 
tween  1930  and  1935.*  A  large  proportion  of  the  tenants 
hold  their  farms  on  one-year  leases,  bave  little  interest  in 
maintaining  soil  fertility,  and  aim  at  getting  the  largest 
annual  cash  return  from  their  land,  regardless  of  the  future. 
Similarly,  the  over-capitalization  of  land  after  the  war 
and  the  increasing  burden  of  mortgage  charges  incurred  as 

^National  Resources  Board  Report,  p.  204. 

*Soil  and  Water  Conservatìon  Experiments.  U.S.  Department  of  Agriculture, 
Technical  Bulletin  No.  558,  1937. 
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prices  fell  induced  owner  farmers,  likewise,  to  farm  for 
the  largest  cash  return,  e.g.  to  put  their  land  into  com, 
the  crop  most  conducive  to  erosion  under  exploitative  con- 
ditions.  Progressive  erosion  has  reduced  land  values  and  in- 
creases  debt  burdens  and  forced  sales,  thus  completing  the 
vicious  circle  from  which  escape  becomes  more  difficult 
every  year.  A  clear  connexion  has  been  established  be- 
tween  a  rapidly  shif ting  tenancy  and  soil  exploitation  lead- 
ing  to  soil  erosion. 

A  change  in  the  present  trend  of  land  tenure  in  the  direc- 
tion of  increasing  'owner-operatorship'  or  longer  tenancies 
would  enormously  facilitate  the  adoption  of  conservative 
farming  (e.g.  beef  or  dairy  farming)  which  must  form  the 
basis  of  regional  erosion  control.  Apart,  however,  from 
other  economie  complications,  such  as  larger  farms,  lower 
labour  requirements  and  cash  returns  per  acre,  involved  in 
a  change  from  predominantly  corn  to  grassland  farming, 
the  fact  remains  that  tenancy  is  increasing  under  pressure 
of  the  present  economie  system.  Short-term  tenancy,  like 
the  erosion  which  it  causes,  is  but  a  symptom  of  the  mal- 
adjustment  between  soil  and  human  economics.  The  same 
might  be  said  of  overgrazing,  monoculture,  lumbering  or 
any  other  system  of  land  utilization  which  leads  to  soil  ex- 
haustion  and  erosion.  The  relationship  of  the  occupier 
to  the  land  will  in  the  end  be  dictated  by  the  properties  of 
the  soil. 

This  does  not  imply  that  the  conditions  of  land  tenure 
must  change  at  every  boundary  between  different  soil 
types,  in  the  way  that  the  naturai  vegetation  changes.  The 
relationship  between  man  and  the  soil  is  not  so  dose  as 
that  between  plant  and  soil.  The  human  politicai  unit 
adopts  a  compromise  between  the  different  conditions  of 
land  tenure  that  would  be  ideal  over  each  type  of  en- 
vironment  within  its  boundaries.  Until  quite  recently,  no 
single,  highly  organized  politicai  unit  had  embraced  vast 
areas  of  such  ecologically  divergent  environments  as 
humid  forest  and  dry  grassland.   The  relatively  small 
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nations  of  western  Europe,  singly  or  coUectively,  had  no 
problem  like  this  to  face,  but  it  is  one  which  must  have  a 
determining  influence  on  the  future  development  of  politi- 
cai federation  in  America,  Russia,  Australia  and  India. 
Although  we  have  as  yet  no  experience  of  a  mature  and 
stable  civilization  existing  on  semi-arid  grassland,  there  are 
definite  indications  that  the  requisite  conditions  of  land 
tenute  will  be  more  closely  alhed  to  sociaHsm  than  to  the 
capitalism  which  achieved  such  remarkable  success  on  the 
humid  forest  soils  of  Europe,  and  has  been  such  a  dis- 
astrous  legacy  to  the  prairie  soils  of  America.  Perhaps  those 
arch-enemies,  socialism  and  capitalism,  will  find  some 
compromise  which  will  enable  the  huge  politicai  units  of 
the  modem  world  to  retain  their  present  boundaries  in 
spite  of  internai  soil  diif  erences. 

Although  the  possibihty  that  soil  differences  may  cause 
a  re-drawing  of  naturai  frontiers  at  some  future  date  can- 
not  be  ruled  out,  it  is  not  at  present  envisaged.  In  the 
United  States,  however,  the  idea  of  regional  planning,  of 
organizing  a  naturai  land  unit  as  a  whole  and  regardless  of 
State  or  other  poHtical  boundaries,  for  purposes  of  soil 
conservation  is  gaining  ground  rapidly.  The  need  for 
organizing  the  conservation  of  naturai  resources  was  recog- 
nized  over  thirty  years  ago,  but  the  impetus  necessary  to 
carry  through  a  national  pian  was  laclong  until  soil  ero- 
sion  began  seriously  to  threaten  the  entire  f abric  of  Ameri- 
can society.  In  this  respect  soil  erosion  on  the  American 
prairies  seems  to  have  had  a  similar  eff  ect  to  that  produced 
by  an  abortive  capitalism  on  the  Russian  steppes. 

Over  forty  States  now  have  separate  planning  agencies 
which,  although  often  originally  set  up  to  reheve  unem- 
ployment  and  encourage  public  works  such  as  town  plan- 
ning, road  construction,  re-distribution  of  population,  etc, 
have  inevitably  concemed  themselves  largely  with  land- 
use  planning.  In  connexion  with  land-use  and  soil-con- 
servation  planning,  however,  the  lack  of  correspondence 
between  State  and  naturai  regional  boundaries,  and  the 
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sanctity  of  State  rights  have  often  been  insuperable  ob- 
stacles  to  the  adoption  of  regional  conservation  schemes. 
These  obstacles  are  only  partly  removed  by  grouping 
States  together  in  various  ways  (as  has  been  proposed), 
since  the  present,  mainly  straight-line  State  boundaries 
must  always  be  somewhat  artificial  in  relation  to  naturai 
regional  boundaries.  Inter-State  planning  agencies  exist 
in  the  six  New  England  States  and  in  the  Pacific  north- 
west  (to  develop  the  Columbia  River),  but  they  have  as 
yet  no  legai  status  and  are  primarily  liaison  agencies  be- 
tween  the  separate  States. 

In  marked  contrast  with  these  and  similar  agencies, 
which  are  attempting  regional  conservation  within  the 
present  politicai  frame,  is  the  Tennessee  Valley  Authority 
(TVA) .  The  TVA  is  a  body  financed  by,  and  responsible 
to,  Congress,  and  its  business  may  be  described  as  the 
reclamation  and  stabilization  of  the  badly  eroded  and  desti- 
tute  naturai  region  formed  by  the  Tennessee  River  drain- 
age  basin.  The  area  of  the  region  comprises  parts  of  seven 
different  States.  Several  abortive  schemes  for  social  and 
land  improvement  failed  in  the  past  because  the  sancitity  of 
State  rights  precluded  putting  a  comprehensive  regional 
scheme  into  operation.  Under  the  Constitution  of  the 
United  States  irrigation  and  water-power  systems  and 
land-use  plans  (which  enter  largely  into  the  TVA's  pro- 
gramme)  are  matters  for  State  legislation.  The  Constitu- 
tion offered  an  insuperable  legai  barrier  to  any  scheme 
which  necessitated  encroaching  on  State  rights  over  land 
and  water,  and  faced  with  the  alternative  of  abrogating 
sovereign  rights  or  permitting  a  disaster  to  be  perpetuated 
on  a  fraction  of  their  total  territories,  the  States,  repre- 
sented  mainly  by  public-utility  interests,  naturally  chose 
the  latter,  as  any  other  States  in  America  or  elsewhere 
would  have  done. 

In  order  to  avert  an  irreparable  disaster  to  a  region  equal 
in  area  to  England  and  Wales,  a  way  round  the  Constitu- 
tion had  to  be  f ound,  and  to  secure  a  charter  for  its  work 
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of  economie  reconstniction  the  TVA  had  to  express  its 
objects  somewhat  indirectly.  In  contrast  with  land  recla- 
mation  on  State  territory,  river  and  flood-control,  the 
benefits  from  which  are  not  limited  by  State  boundaries, 
are  matters  in  which  the  Federai  authority  can  intervene. 
The  TVA  was  theref ore  able  to  obtain  a  charter  to  develop 
the  Tennessee  River  for  navigation,  but  not  to  stop  the 
erosion  which  was  eating  into  the  vitals  of  the  whole  Ten- 
nessee Valley.  The  principal  function  of  the  TVA  is  to 
maintain  a  permanent  navigable  channel  nine  feet  deep 
in  the  Tennessee  River  under  ali  conditions  of  flow. 

The  first  step  towards  fulfilling  this  function  was  to 
erect  a  series  of  dams  in  order  to  control  the  flow  of  water 
at  ali  seasons.  The  Tennessee  River,  however,  has  the 
typical  characteristics  of  a  river  draining  a  badly  eroding 
region.  It  receives  a  continuous  accession  of  silt  which  fiUs 
up  any  artificial  channel  almost  as  soon  as  it  is  dug,  and 
its  flow  is  marked  by  extreme  irregularity.  The  satisfac- 
tory  maintenance  of  the  navigation  channel  has  conse- 
quently  necessitated  undertaking  co-ordinated  flood-con- 
trol and  erosion-control  measures  throughout  the  regions, 
re-settlement  of  a  large  part  of  the  f  arming  community  and 
complete  re-organization  of  land  use.  At  the  same  rime 
the  dams,  under  proper  land  control,  will  supply  a  steady 
flow  of  water  to  be  converted  into  cheap  electricity  which 
is  the  TVA's  main  source  of  income.  With  cheap  power, 
industries  can  be  introduced  or  revived  in  this  derelict 
region  and  the  foundations  laid  upon  which  a  stable  and 
prosperous  community  may  arise.  Nothing  could  bave 
been  achieved  without  erosion  control  which  had  to  be 
regarded,  for  politicai  reasons,  as  an  unavoidable  by- 
product  of  a  legally  permissible  navigation  scheme.  The 
TVA  has  adopted  a  policy  of  co-operation  with  Nature; 
its  worst  enemies  are  not  naturai  forces  but  the  interests 
that  have  grown  powerful  on  their  exploitation.  The 
desert  is  beginning  to  blossom  again  in  the  Tennessee  Val- 
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\cy.  Man  and  Nature  are  proving  a  stronger  combination 
than  man  and  money. 

The  TVA  employs  about  13,000  persons,  including 
4,000  skilled  technicians  and  clerks.  Its  salary  list  includes 
almost  every  recognized  profession  and  some  that  would 
scarcely  be  recognizable  outside  the  Tennessee  Valley. 
The  cost  of  the  projects  and  improvements  destined  to  be 
completed  by  1943,  when  the  TVA  will  be  ten  years  old, 
is  estimated  at  350-400  million  doUars.  There  is  little  hope 
that  this  outlay  will  ever  be  recovered,  but  against  the 
financial  loss  must  be  set  the  value  of  the  reclaimed  land  as 
compared  with  what  it  would  have  been  had  unchecked 
erosion  been  allowed  to  take  its  course. 

The  initial  success  of  the  Tennessee  Valley  project  has 
produced  several  proposals  for  similar  regional  under- 
takings  in  other  derelict  areas,  but  none  have  fructifìed, 
owing  partly  to  the  opposition  of  politicai  and  commer- 
cial interests.  Less  ambitious  but  more  easily  realized 
schemes  of  regional  conservation  within  States  are  being 
put  into  practice  under  the  provisions  of  a  'Standard  State 
Soil  Conservation  Districts  Law'  drawn  up  by  the  Depart- 
ment of  Agriculture  in  1935  and  since  adopted  by  some 
twenty  or  thirty  separate  States.  Section  2  of  the  Act, 
which  defines  its  constitutional  basis  and  policy,  is  worth 
reproducing  if  only  for  the  concise  statement  it  contains 
of  the  cumulative  and  far-reaching  consequences  of  ero- 
sion. 

'It  is  hereby  declared,  as  a  matter  of  legislative  determina- 
tion— 

*A.  The  condition.—Thzt  the  farm  and  grazing  lands  of 

the  State  of are  among  the  basic  assets  of  the  State  and 

that  the  preservation  of  these  lands  is  necessary  to  protect 
and  promote  the  health,  safety,  and  general  welfare  of  its 
people;  that  improper  land-use  practices  have  caused  and 
have  contributed  to,  and  are  now  causing  and  contributing 
to,  a  progressively  more  serious  erosion  of  the  farm  and 
grazing  lands  of  this  State  by  wind  and  water;  that  the 
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breaking  of  naturai  grass,  plant  and  forest  cover  has  inter- 
fered  with  the  naturai  factors  of  soli  stabilization,  causing 
loosening  of  soil  and  exhaustion  of  humus,  and  develop- 
ing  a  soil  condition  that  favours  erosion;  that  the  topsoil 
is  being  blown  and  washed  out  of  fields  and  pastures;  that 
there  has  been  an  accelerated  washing  of  sloping  fields; 
that  these  processes  of  erosion  by  wind  and  water  speed  up 
with  removal  of  absorptive  topsoil,  causing  exposure  of  less 
absorptive  and  less  protective  but  more  erosive  subsoil; 
that  failure  by  any  land  occupier  to  conserve  the  soil  and 
control  erosion  upon  his  lands  causes  a  washing  and  blow- 
ing  of  soil  and  water  from  his  lands  on  to  other  lands  and 
makes  the  conservation  of  soil  and  control  of  erosion  on 
such  other  lands  difficult  or  impossible. 

'B.  The  consequences.— "That  the  consequences  of  such 
soil  erosion  in  the  form  of  soil-blowing  and  soil-washing 
are  the  silting  and  sedimentation  of  stream  channels,  reser- 
voirs,  dams,  ditches,  and  harbours;  the  loss  of  fertile  soil 
material  in  dust  storms;  the  piling  up  of  soil  on  lower 
slopes,  and  its  deposit  over  alluvial  plains;  the  reduction  in 
productivity  or  outright  ruin  of  rich  bottom  lands  by 
overwash  of  poor  subsoil  material,  sand,  and  gravel  swept 
out  of  the  hills;  deterioration  of  soil  and  its  fertility,  de- 
terioration  of  crops  grown  thereon,  and  declining  acre 
yields  despite  development  of  scientific  processes  for  in- 
creasing  such  yields;  loss  of  soil  and  water  which  causes 
destruction  of  food  and  cover  for  wild  life;  a  blowing  and 
washing  of  soil  into  streams  which  silts  over  spawning 
beds,  and  destroys  water  plants,  diminishing  the  food 
supply  of  fish;  a  diminishing  of  the  underground  water 
reserve,  which  causes  water  shortages,  intensifies  periods 
of  drought,  and  causes  crop  failures;  an  increase  in  the 
speed  and  volume  of  rainfall  run-off,  causing  severe  and 
increasing  floods,  which  bring  suff  ering,  disease,  and  death; 
impoverishment  of  families  attempting  to  farm  eroding 
and  eroded  lands;  damage  to  roads,  highways,  railways, 
farm  buildings,  and  other  property  from  floods  and  from 
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dust  storms;  and  losses  in  navigation,  hydro-electric  power, 
municipal  water  supply,  irrigation  developments,  farming, 
and  grazing. 

*C.  The  appropriate  corrective  methods.—Thzt  to  con- 
serve soil  resources  and  control  and  prevent  soil  erosion, 
it  is  necessary  that  land-use  practices  contributing  to  soil 
wastage  and  soil  erosion  be  discouraged  and  discontinued, 
and  appropriate  soil-conserving  land-use  practices  be 
adopted  and  carried  out;  that  among  the  procedures  neces- 
sary f or  widespread  adoption,  are  the  carrying  on  of  engi- 
neering operations  such  as  the  construction  of  terraces,  ter- 
race  outlets,  check-dams,  dikes,  ponds,  ditches,  and  the 
like;  the  utilization  of  strip  cropping,  Uster  furrowing,  con- 
tour culti vation,  and  contour  jFurrowing;  land  irrigation; 
seeding  and  planting  of  waste,  sloping,  abandoned  or 
eroded  lands  to  water-conserving  and  erosion-preventing 
plants,  trees,  and  grasses;  forestation  and  ref  or  estation;  ro- 
tation  of  crops;  soil  stabilization  with  trees,  grasses, 
legumes,  and  other  thick-growing,  soil-holding  crops;  re- 
tardation  of  run-off  by  increasing  absorption  of  rainfall; 
and  retirement  from  cultivation  of  steep,  highly  erosive 
areas  and  areas  now  badly  guUied  or  otherwise  eroded. 

*D.  Declaration  of  policy.—lt  is  hereby  declared  to  be 
the  poUcy  of  the  legislature  to  provide  for  the  conserva- 
tion  of  the  soil  and  soil  resources  of  this  State,  and  for  the 
control  and  prevention  of  soil  erosion,  and  thereby  to  pre- 
serve naturai  resources,  control  floods,  prevent  impair- 
ment  of  dams  and  reservoirs,  assist  in  maintaining  the  navi- 
gability  of  rivers  and  harbors,  preserve  wild  lif  e,  protect  the 
tax  base,  protect  pubKc  lands,  and  protect  and  promote 
the  health,  safety,  and  welfare  of  the  people  of  this  State.' 

The  object  of  the  Act  is  to  provide  for  the  organization 
of  soil-conservation  districts  with  power  to  administer 

28  a.  Californiay  US. A.  Gully  formed  in  the  flood  of  March  2, 
1^38.  See  page  ^4.  28  h.  Pennsylvania,  U.S.A.  Wreckage  of 
bridge  subsequent  to  the  floods  in  the  spring  of  1936. 
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erosion-control  schemes  and  to  enforce  desirable  land-use 
regulations.  Little  active  opposition  to  the  Act  has  been 
encountered;  that  it  has  not  been  adopted  by  ali  States  is 
due  principally  to  indifference,  caution  or  minor  objec- 
tions  to  some  of  the  clauses  which  may  be  altered  by  in- 
dividuai States  to  suit  special  circumstances. 

When  a  State  has  adopted  the  Act,  a  soil  conservation 
committee  is  set  up  to  assist  in  establishing  'soil-conserva- 
tion  districts'  and  to  co-ordinate  the  programmes  of  the 
diiferent  districts.  To  form  a  district,  any  twenty-five  land 
occupiers  (tenants  or  owners)  may  petition  the  com- 
mittee, which  then  proceeds  to  take  a  vote  among  ali  occu- 
piers of  the  proposed  district.  Action  can  only  be  taken  on 
a  majority  vote.  When  this  has  been  obtained,  five  super- 
visors  are  elected,  three  by  the  land  occupiers  and  two  by 
the  committee.  The  supervisors  are  authorized  to  draw  up 
a  land-use  programme  for  the  v^^hole  district  which  be- 
comes  binding  (but  may  be  modified)  after  it  has  been 
approved  by  a  majority  of  land  occupiers.  The  pro- 
gramme, for  instance,  may  reserve  certain  areas  for  forest 
or  pasture,  may  insist  on  terracing  bere  and  strip-cropping 
or  rotational  farming  there.  When  once  the  regulations 
bave  been  laid  down,  any  farmer  infringing  them  is  liable 
to  severe  penalties.  The  occupiers  retain  ali  their  legai  title 
to  their  land,  but  in  the  use  they  make  of  it  the  interests 


29  a  and  b.  Minnesota^  U.S.A.  Lake  Como  has  been  a  famous 
resort  for  the  past  seventy-five  years.  The  lake  ivas  built  in  1861 
to  furnish  ivaterpoiver  for  railroad  shops  and  a  ftour  mill.  In  ipop 
heavy  rains  and  floods  ivashed  out  the  earth  dam,  leaving  a  dry 
bed  from  1909  to  1922,  ivhen  a  new  dam  ivas  built  and  the  lake 
reformed.  Silting  be  carne  more  rapìd  betiveen  1926  {upper  pie- 
ture)  and  1936  (loiver  pìcture)  because  farmers  up-river  cut  the 
timber,  cultivated  more  of  the  hill-slopes  and  left  little  vegetation 
to  retar d  run-off.  At  times  the  silt  ivas  so  thick  in  the  lake  that 
most  of  the  fish  and  other  marine  life  ivere  killed.  On  occasions 
ivagon-loads  of  dead  fish  had  to  be  taken  out  after  a  heavy  rain. 
See  page  ipj. 
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of  the  community  talee  precedence  over  those  of  the 
occupier.  The  district,  in  fact,  becomes  a  modem  form 
of  the  medieval  open-field  commune.  A  fully  organized 
soil-conservation  district  will  have  a  pattern  as  distinctive 
as,  though  naturally  very  different  from,  that  of  the 
medieval  manor.  Moreover,  it  will  acquire  a  certain  amount 
of  autonomy  and  tend  to  become  a  politicai  unit,  with 
boundaries  fixed  by  geography  and  possibly  having  more 
significance  than  the  present  county  or  State  boundaries. 
Each  district  is  independent  of  the  State  committee,  whose 
duty  is  to  co-ordinate  the  work  of  the  several  districts 
within  the  State. 

The  work  undertaken  by  the  districts  may  be  financed 
in  several  ways:  (  i  )  the  landò wner  and  land-operator  who 
benefit  directly  from  the  application  of  erosion-control 
measures  to  their  lands  may  bear  a  share  of  the  expense, 
furnishing  labour,  materials,  equipment,  etc;  (2)  the 
State  and  Federai  Governments  may  also  bear  a  share.  Ap- 
propriations  may  be  made  available  out  of  funds  in  the 
State  treasury  and  allocated  by  the  State  soil  conservation 
committee,  and  services,  funds,  and  properties  may  be 
contributed  by  the  United  States  through  the  Department 
of  Agriculture  or  other  agencies. 

There  is  every  prospect  that  soil-conservation  districts 
will  become  a  common  and  characteristic  feature  of  land 
tenure  on  the  eroded  soils  which  cover  the  greater  part  of 
the  United  States.  It  depends  on  whether  they  succeed  in 
their  prime  object  of  permanently  checking  erosion  and 
restoring  soil  fertility.  It  is  significant,  however,  that  the 
conception  of  soil-conservation  districts  involves  an  ap- 
parent  reversai  of  the  Nation's  'reaction  against  the  rem- 
nants  of  medieval  land  tenure'.  It  suggests  that  men  are 
once  more  becoming  ready  to  submit  to  the  dictates  of  a 
stili  unconquered  Nature  and,  if  necessary,  to  force  sub- 
mission  from  their  recalcitrant  or  too  self-seeking  fellows. 
In  some  form  or  other,  community  farming,  regulated  so 
as  to  enrich  the  soil  before  the  individuai  land  occupier, 
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has  figured  prominently  in  the  early  stages  of  ali  success- 
ful  civilizations.  There  seems  no  reason  to  assume  that  that 
stage  can  be  dispensed  with  under  the  trying  conditions  to 
wtuch  modem  agricul turai  technique  subjects  virgin  land. 

Emphasis  is  laid  on  the  democratic  basis  of  soil-con- 
servation  districts.  Land-use  regulations  are  devised, 
approved  and  operated  only  by  a  majority  vote  of  land 
occupiers.  This  democratic  basis  undoubtedly  facilitated 
the  adoption  of  the  Standard  Act  by  twenty-two  States^ 
during  1937,  and  nipped  a  good  deal  of  possible  oppo- 
sition  in  the  bud.  It  is  the  hope  of  the  Administration  that 
soil-conservation  district  laws  will  ultimately  be  passed 
by  most,  if  not  ali,  of  the  States,  in  which  case  the  'dis- 
trici' should  become  an  established  feature  of  the  national 
social  organization.  The  Federai  Soil  Conservation  Service 
is  strongly  advocating  the  principle  of  co-operation  among 
large  groups  of  farmers  organized  under  State  law,  and 
now  establishes  new  demonstration  projects  only  in  States 
with  adequate  soil-conservation  laws.  This  mie  has  been 
adopted  because  the  value  of  demonstration  projects  is 
enormously  increased  where  a  large  measure  of  co-opera- 
tion from  farmers  is  assured. 

Only  in  the  United  States  has  popular  opinion  been 
stirred  sufficiently  by  the  ravages  of  erosion  for  the  people 
to  take  the  initial  steps  to  put  their  house  in  order.  It  can- 
not  be  too  strongly  emphasized  that  the  stablization  of 
eroding  lands— re-adjustment  to  the  environment— cannot 
be  eif  ected  by  purely  dictatorial  legislation.  There  is  prob- 
ably  only  one  way  of  estabHshing  a  stable  human  com- 
munity in  harmony  with  the  soil  and  cHmate  of  any 
particular  region,  and  legislators  are  not  particularly 
favourably  placed  to  know  what  it  is.  The  diificulties  en- 

^Arkansas,  Colorado,  Florida,  Georgia,  Illinois,  Indiana,  Kansas,  Mary- 
land, Michigan,  Minnesota,  Nebraska,  Nevada,  New  Jersey,  New  Mexico, 
North  Carolina,  North  Dakota,  Oklahoma,  Pennsylvania,  South  Carolina, 
South  Dakota,  Utah,  Wisconsin.  Montana  adopted  an  'unsatisfactory'  statute, 
and  the  Governors  of  Texas  and  Ohio  vetoed  statutes  passed  by  the  State 
legislatures. 
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countered  in  formulating  practical  legislation,  and  the 
opposition  encountered  by  proposed  laws  for  regulating 
land  use,  are  significant.  The  Standard  State  Soil  Conserva- 
tion  District  Law  is  an  extremely  flexible  instrument  and 
in  its  flexibility  lies  its  best  hope  of  success.  It  may  fail— as 
the  less  flexible  Agricultural  Adjustment  Act  failed,  and 
reappeared  in  a  forni  modified  by  experience.  At  present, 
ali  that  can  be  said  is  that  the  Soil  Conservation  District 
Laws  and  the  Agricultural  Adjustment  Acts  indicate  evolu- 
tionary  trends  in  the  matter  of  national  soil  conservation. 
In  other  countries  these  trends  are  less  apparent.  The 
people  may  be  as  alive  as  the  Americans  are  to  the  dangers 
that  beset  them,  but  they  bave  not  progressed  so  far 
towards  seeking  a  way  out. 

It  is  unlikely  that  any  effective  and  lasting  organization 
to  protect  the  soil  from  misuse  and  erosion  will  evolve  in 
a  country  w^here  the  pressure  of  population  on  the  land  is 
small  or  non-existent.  Australia  and  Canada  afford  in- 
stances  of  such  countries,  where  erosion  has  nevertheless 
been  extensive  and  is  increasing  rapidly.  Population- 
density  figures  are  apt  to  be  misleading,  particularly  as 
both  Australia  and  Canada  bave  huge  uninhabited  and  un- 
inhabitable  regions,  nevertheless  it  is  worth  noting  that 
they  contain  about  two  people  per  square  mile  as  com- 
pared  with  about  thirty  in  the  United  States.  With  mod- 
em facilities  for  exploiting  the  soil,  ampie  land  and  to 
spare  for  everybody  is  more  likely  to  lead  to  soil  exhaus- 
tion  than  land  hunger,  since  the  ease  with  which  fresh  land 
can  be  obtained  militates  against  the  practice  of  conserva- 
tive husbandry.  For  this  reason  we  bear  little  about  the 
menace  of  soil  exhaustion  in  Argentina  and  Brazil,  although 
there  is  no  doubt  as  to  its  widespread  occurrence,  particu- 
larly on  Brazilian  coffee  plantations.  When  good  land  is 
abundant,  soil  erosion— as  distinct  from  soil  exhaustion— 
does  not  occur  to  any  great  extent,  since  exhausted  land 
is  abandoned  before  noticeable  erosion  sets  in.  Only  when 
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the  popuktion  begins  to  press  on  to  already  exhausted 
land  does  erosion— the  consequence  of  soil  exhaustion— 
become  sufficiently  serious  to  compel  the  nation  to  or- 
ganize  countervailmg  measures.  Until  population  pressure 
reaches  a  certain  intensity  the  disease  spreads  insidiously 
and  untended. 

The  necessary  pressure  will  ultimately  be  obtained  either 
by  increases  in  population,  or  by  decreases  in  the  area  of 
productive  land,  assuming  that  the  population  remains 
stationary.  At  present  the  maximum  productive  areas,  or 
at  least  productivities,  of  Australia  and  Canada  are  tend- 
ing  to  contract  more  noticeably  than  their  populations 
expand.  Naturally  it  is  to  be  hoped  that  in  future  the  stimu- 
lus  to  undertake  the  process  of  radicai  readjustment,  which 
accelerating  erosion  shows  to  be  inevitable,  will  come  from 
the  pressure  of  expanding  populations  on  the  land,  and  not 
of  expanding  deserts  on  the  people,  but  both  countries 
appear  to  have  a  long  way  to  go  yet  bef ore  the  stimulus  be- 
comes  powerful  enough  to  be  translated  into  action. 

Mention  of  the  desiccation  of  the  Canadian  West  almost 
invariably  produces  a  counterblast  of  protest  that  there 
is  ampie  good  land  for  ali  and  that  the  pioneering.  spirit 
stili  lives  in  the  people  strong  enough  to  overcome  ali  diffi- 
culties.  Such  protests  will  not  be  without  avail  if  they  in- 
duce new  pioneers  to  strengthen  the  battle  front  against 
the  drifting  soil.  The  Dominion  and  Provincial  Agricul- 
tural  Departments  are  aware  of  the  creeping  threat  to  the 
prairies'  future.  Under  the  Prairie  Farm  Rehabilitation  Act 
(1935)  prò  vision  is  made  for  an  amount  not  exceeding 
$1,000,000  a  year  to  remedy  the  consequences  of  recent 
droughts  and  soil  drifting.  The  money  is  used  for  research, 
education,  propaganda  and  direct  assistance  to  f  armers  who 
are  prepared  to  carry  through  a  soil-conservation  pro- 
gramme  laid  down  by  their  District  Experiment  Station. 
Circumstances,  however,  are  not  favourable  to  that  active 
co-operation  among  ali  farmers  in  a  district  which  to  an 
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increasing  extent  characterizes  the  American  attitude  to 
the  land.  The  question  has  been  asked  how  long  the 
Prairie  Provinces  (notably  Saskatchewan)  cian  remain  pre- 
dominantly  wheat  producers,  but  no  practicable  alternative 
to  an  agricultural  system  that  has  already  become  a  tra- 
dition  has  been  proposed.  From  the  standpoint  of  soil 
resistance  to  erosion,  the  Canadian  prairies  are  climatically 
somewhat  more  favourably  situated  than  the  American, 
and  as  experience  and  knowledge  of  how  to  manage  prairie 
land  accumulates,  Canadian  agriculture  may  develop  with- 
out  any  violent  change  towards  a  state  of  equilibrium  with 
the  soil.  On  the  other  hand,  there  is  little  social  or  psycho- 
logical  inducement  to  imbue  the  prairie  farmer  with  a 
friendly  spirit  of  co-operation  with  the  hard  landscape 
that  surrounds  him,  and  the  West  may  have  to  proceed  a 
good  way  farther  along  the  road  to  disaster  before  a  halt  to 
soil  deterioration  is  called. 

A  similar  state  of  aff airs  prevails  in  Australia,  where  the 
chief  enemy  is  wind  erosion  on  semi-arid  pastoral  land 
and  on  the  wheat  fields  of  the  South  Australian  'Mallee'. 
There  is,  however,  less  virgin  but  habitable  land  available 
for  overflow  as  the  present  settled  areas  become  exhausted 
than  in  Canada,  and  the  settled  semi-arid  areas,  thinly 
populated  as  they  are  and  always  must  be,  are  eroding 
much  more  severely.  Mr.  E.  S.  Clayton,  an  experienced 
and  travelled  observer,  has  stated  his  opinion  that  erosion 
in  AustraUa,  though  not  so  advanced  as  in  the  United 
States  (owing  to  the  shorter  period  of  exploitation) ,  is  pro- 
ceeding  at  least  as  rapidly,  perhaps  more  so.  To  speak  of 
population  pressure  on  a  country  of  three  million  square 
miles  and  containing  six  million  people,  three  quarters  of 
whom  reside  in  the  south-eastern  corner  watered  by  the 
Murray  River,  may  sound  fantastic  even  when  allowance 
is  made  for  the  large  area  of  true  desert.  Except  for  the 
north-eastern  corner  and  a  part  of  the  tropical  north, 
however,  practically  the  whole  continent  suffers  from  a 
real  lack  of  water,  both  as  regards  rainfall  and  rivers 
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which  might  have  been  used  for  irrigation.  Probably  not 
more  than  one  fìfth  of  Australia  is  cultivable  land/ 

The  impossibility  of  increasing  the  supply  of  this  essen- 
tial  raw  material,  water,  by  any  known  or  imaginable 
means  sets  a  low  upper  limit  to  the  population  Australia 
can  support.  Equally  it  limits  the  total  productivity  of  the 
land;  it  is  as  useless  to  feed  a  thirsty  soil  as  to  feed  a 
thirsty  man,  as  the  food  only  increases  the  thirst.  The  use 
of  high-yielding  crop  varieties  is  also  barre  d  to  a  large  ex- 
tent,  since  high  yields  require  a  proportionate  amount  of 
water  for  their  make-up.  Science  can  help  chiefly  by  dis- 
covering  drought-resistant  plants  and  cultural  methods 
that  will  reduce  evaporation  from  the  soil  to  a  minimum 
and  increase  water  absorption.  Wild  animai  populations  are 
likewise  Hmited  by  the  amount  of  vegetation  procurable, 
and  increase  or  decrease  from  year  to  year  within  a  given 
region  according  to  the  rainfall.  Domesticated  livestock 
numbers,  however,  are  not  so  rapidly  adjustable  to  the 
weather.  A  farmer  stocks  his  land  with,  say,  a  hundred 
sheep  to  the  square  mile  on  the  basis  of  a  normal  year's 
rainfall  and  cannot  readily  reduce  the  number  to  ten  the 
next  year  if  the  rain  does  not  come.  Instead,  he  overgrazes 
his  pastures  in  an  effort  to  keep  as  much  of  his  stock  as  he 
can,  erosion  sets  in  and  the  safe  carrying  capacity  of  the 
land  is  permanently  reduced.  He  becomes  involved  in  the 
usuai  vicious  cycle  of  erosion.  As  the  safe  carrying  capacity 
is  frequently  very  much  lower  than  the  commonly  ac- 
cepted  level  for  normal  years,  there  is  an  almost  irresistible 
tendency  to  overstock,  particularly  if  one's  neighbour  is 
more  f avourably  situated  or  is  himself  overstocking.  More- 
over,  in  Australia  as  elsewhere,  many  of  the  financially  less 
sound  stations  fell  into  the  hands  of  the  Banks  during  the 
depression  and  were  unable  to  pay  interest  and  amortiza- 
tion  while  prices  were  low.  They  are  now  being  called 

*C.  B.  Fawcett,  'The  Extent  of  the  Cultivable  Land,'  Geographical  Journal, 
voi.  76,  1930,  pp.  504-509. 
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upon  to  bear  heavy  annual  charges  which  practically  neces- 
sitate overstocking. 

The  immensity  of  individuai  properties  and  the  very  low 
population  density  (one  per  io  square  miles,  say)  in  the 
semi-arid  pastora!  regions  place  great  difficulties  in  the 
way  of  co-operation  or  coercion  to  ensure  that  the  safe 
stocking  level  is  not  exceeded.  This  is  the  main  human 
problem  that  must  he  solved  before  progressive  land 
wastage  can  be  checked.  The  introduction  of  drought- 
resistant  pasture  plants,  the  destruction  of  rabbits  and 
other  pests,  the  control  of  weeds  like  the  prickly  pear 
which  has  taken  possession  of  milKons  of  acres  will  be  of 
little  value  to  Australia  unless  overstocking  can  be  gen- 
erally  prevented.  Apart  from  the  difficulties  of  enforcing 
restrictive  legislation  Australians  appear  to  be  averse  to  the 
idea,  preferring  to  w^ait  until  the  position  has  been  clarified 
by  investigation  and  research.  It  is  improbable  that  the 
handful  of  men  available  and  working  independently  for 
their  own  immediate  salvation  will  be  able  to  stem  the 
desert  tide.  Encouragement  of  closer  settlement  in  the 
more  favoured  regions  is  now  the  policy  of  most  of  the 
States  and  together  with  naturai  trends  may  lead  to  a  gen- 
eral strategie  retreat  before  the  desert  until  such  time  as 
opportunity  and  accumulated  experience  permit  a  counter 
attack  to  be  made.  The  spread  of  the  desert  will  itself  tend 
to  produce  closer  settlement  elsewhere,  and  without  closer 
settlement,  more  intensive  and  therefore  better  farming 
and  greater  opportunities  for  co-operation  than  exist  at 
present,  there  is  little  likelihood  of  securing  co-ordinated 
and  eifective  action  against  wind  erosion. 
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CHAPTER  XX 

Politicai  and  Social  Consequences 

m.  TROPICAL  AFRICA 


European  responsibility  for  erosìon.  The  jallacy  of  tropical 
soìl  fertility.  Erosìon  from  European  and  native  standpoints. 
Shifting  cultivation.  Tropical  produce  is  largely  unaffected 
by  economie  nationalism.  The  supremacy  of  tropical  vegeta- 
tion  over  man.  The  need  for  ecological  research.  The  human- 
ecological  aspect  of  erosion.  Co-operative  soil  conservation 
is  essential.  Unnatural  boundaries  betvoeen  European  and 
native  areas.  Land  tenure.  The  tribal  system.  Individuai  land 
tenure.  The  African's  attitude  to  the  land  is  the  main 
stumbling  block  to  applying  straightforward  soil  conserva- 
tion. Examples  of  successful  native  soil  co7iservation.  Binding 
the  cultivator  to  the  soil.  Advantages  of  feudalism.  The  soil 
requires  a  dominant.  Ecological  analogies. 


XVesponsible  authorities  agree  that  soil  erosion  in 
Africa  to-day  oifers  an  almost  insuperable  obstacle  to 
future  progress  in  the  direction  which  enlightened  opinion 
had  planned  for  the  continent.  From  Cape  Town  to  Cairo, 
European  influence  has  been  responsible  for  the  rapid,  and 
in  places  now  uncontrollable,  biological  deterioration  of 
the  land.  Whatever  European  plans  for  the  future  of  Africa 
may  have  been,  whether  their  object  was  imperiai,  com- 
mercial, educational,  religious  or  military,  they  included  no 
provision  for  the  safety  of  the  soil.  At  the  time  when 
Africa  was  being  colonized  there  was  no  apparent  reason 
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and  Kttle  precedent  for  caution.  The  luxuriant  tropical 
vegetation  suggested  immense  wealth  to  be  had  for  the 
taking;  it  seemed  only  necessary  to  introduce  scientific 
technique  and  to  substitute  a  settled  agriculture  for  the  in- 
efficient  shifting  cultivation  of  the  natives.  But  the  soil  has 
yielded  up  its  wealth  too  readily,  and  its  apparently  bound- 
less  fertihty  disappeared  under  European  agricultural 
methods  before  the  damage  being  done  was  realized. 

The  Europeans,  however,  are  now  f ully  alive  to  the  im- 
pending  disaster.  They  know  what  measures  should  be 
taken  to  ward  it  off,  they  have  begun  to  adopt  those  meas- 
ures and  they  are  prepared  to  make  considerable  sacrifices 
to  ensure  their  success.  They  are  learning  to  recognize  the 
limits  within  which  a  moist  or  semi-arid  tropical  soil  can 
be  exploited  and  they  are  altering  their  lives  and  agricul- 
ture accordingly.  Were  it  not  for  the  natives,  erosion  con- 
trol might  perhaps  be  left  to  European  common  sense  and 
ingenuity.  Nature  destroys  quickly  in  the  tropics,  but 
given  the  chance  she  restores  equally  quickly. 

The  natives,  often  segregated  in  overcrowded  reserves 
and  practising  a  mixture  of  traditional  and  modem  agri- 
culture  on  indifferent  land,  are  in  general  more  active 
agents  in  erosion  than  the  Europeans.  Many  tribes  are  by 
tradition  nomadic  pastoralists,  and  what  agriculture  they 
have  learnt  under  European  rule  and  instruction  has  been 
mainly  exploitative.  The  natives  have  not  yet  learnt  to  see 
in  erosion  an  imminent  danger  threatening  their  whole 
existence.  Their  nature  revolts  against  denying  themselves 
what  is  left  of  the  present  for  the  sake  of  a  problematic 
future.  They  stili  retain  age-old  customs  which  had  their 
place  in  the  former  balanced  scheme  of  Nature  but  are 
destructive  under  civilized  conditions,  and  they  have 
adopted  others  which  have  no  relation  to  the  naturai  en- 
vironment.  They  are  often  afflicted  with  land  hunger 
which  militates  against  any  graduai  re-adjustment  to  the 
changed  circumstances  under  which  they  must  live.  Were 
it  not  for  the  Europeans,  however,  the  natives  also  could 
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put  a  stop  to  soil  erosion.  War  and  disease,  nomadism  and 
shifting  cultivation  would  soon  give  Nature  the  short 
respite  she  requires  in  which  to  recuperate.  With  a  little 
more  education  and  contact  with  the  white  man,  the 
native  may  lose  the  attributes  that  would  enable  him  un- 
aided  to  preserve  his  country  from  destruction. 

The  position  may  be  described  somewhat  differently. 
Only  exceptionally  is  the  white  man  or  the  black  man  the 
dominant  species  in  a  tropical  environment.  The  black  man 
has  seldom  even  simulated  dominance.  The  typical  basis 
of  African  society  has  been  shifting  cultivation  or  no- 
madism; man  occupied  the  land  for,  say,  five  years,  the 
vegetation  for  forty  years  during  which  practically  every 
trace  of  human  influence  both  on  the  vegetation  and  the 
soil  was  erased.  Shifting  cultivation,  with  ali  its  drawbacks 
and  inefficiency,  was  the  only  system  under  which  races 
backward  by  modem  standards  could  safely  cultivate  the 
tropical  f  orest,  and  nomadism  the  only  system  under  which 
the  grassland  could  be  safely  pastured.  To-day,  shifting 
cultivation,  the  sign  of  man's  subordination  to  the  vegeta- 
tion, has  become  a  principal  cause  of  soil  exhaustion  and 
erosion  in  Africa,  due  to  the  shortening  of  the  soil's  resting 
period  necessitated  by  increasing  populations  and  the  gen- 
eral tendency  towards  a  more  settled  mode  of  life  since 
European  occupation. 

It  is  difficult  to  imagine  Europeans  permanently  sub- 
mitting  to  a  position  subordinate  to  the  vegetation  in 
African  economy,  that  is,  to  a  position  little  above  that  of 
the  wild  beasts.  Indeed,  having  to  a  certain  extent  tamed  the 
native  races,  their  only  justification  for  remaining  in  Africa 
is  to  tame  the  vegetation.  The  white  man's  burden  in  the 
future  will  be  to  come  to  terms  with  the  soil  and  plant 
world,  and  for  many  reasons  it  promises  to  be  a  heavier 
burden  than  coming  to  terms  with  the  natives.  Apart  from 
inherent  constitutional  disadvantages,  the  white  man  began 
badly  by  ignoring  the  reactions  of  the  soil,  with  the  result 
that  he  has  now  to  deal  with  a  deteriorated  biological  en- 
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vironment  directly  imperilling  his  existence.  Again,  no 
external  pressure  has  home  on  tropical  colonies  to  en- 
courage  them  to  adopt  conservative  farming,  and  the  en- 
tire  temperately  situate  d  world  is  crying  out  for  tropical 
produce  which  it  cannot  itself  produce.  It  protects  its  beet 
sugar  against  the  much  more  cheaply  produced  cane  sugar 
of  the  tropics,  but  tropical  cotton,  rubber,  tea,  coffee, 
fruits,  etc,  have  few  competitors  in  nationalistic  Europe. 
Sugar  cane  scarcely  enters  into  tropical  African  economy; 
cotton  and  coffee,  on  the  other  hand,  have  recently  ex- 
panded  enormously  and  constitute  two  of  the  principal 
cash  crops  of  both  European  and  native  f  armers,  besides  be- 
ing  crops  v^^hose  cultivation  readily  induces  erosion.  A 
naturai  stimulus,  moreover,  exists  to  produce  crops  for 
export  rather  than  for  locai  consumption,  since  only  ex- 
ports  can  purchase  the  amenities  of  civilization.  But  the 
skin-deep  fertility  of  the  tropics  is  also  exported  with  the 
produce  of  the  soil. 

The  subordinate  position  which  the  native  human  popu- 
lation  has  occupied  in  tropical  African  economy  in  com- 
parison  with  that  held  by  the  vegetation  is  not  always  fuUy 
appreciated.  The  people  and  the  politicians  in  the  metropol- 
itan  countries  stili  act  as  though  the  natives  rather  than  the 
native  plants  were  the  most  serious  rivals  to  their  colonial 
dominions.  Therein,  in  fact,  lies  a  source  of  growing  con- 
flict  between  metropolitan  and  locai  authorities.  The  reten- 
tion  of  tropical  colonies  is  nowadays  mainly  justified  on  the 
excuse  of  a  civilizing  mission  to  the  natives;  and  the  view 
that  the  natives  must  be  treated  as  secondary  pieces  in  the 
coming  battle  between  the  dominants  of  the  temperate  and 
tropical  regions  is  politically  imtenable.  The  politicai  obsta- 
cles  to  executing  a  bold  erosion  policy  in  tropical  Africa 
are  immense  and  explain  the  apparent  reluctance  of  colonial 
administrations  to  move  in  the  matter  as  quickly  and  de- 
cisively  as  the  circumstances  demand. 

Since  erosion  proceeds  much  more  rapidly  and  is  more 
destructive  in  tropical  than  in  temperate  regions,  the  need 
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f or  prompt  action  is  obvious.  Some  authorities,  basing  their 
argument  on  the  fact  that  the  consequences  of  erosion  ac- 
cumulate at  a  high  rate  of  compound  interest,  assert  that 
'the  Great  African  Desert,  uninhabitable  by  man'  will  be- 
come  a  reality  in  a  very  few  years  unless  drastic  anti- 
erosion  measures  and  legislation  are  enforced  immediately. 
The  outcome  of  the  battle  of  the  dominants  is  by  no  means 
a  foregone  conclusion.  The  white  man  has  partially  sub- 
dued  his  hXiman  rivai  in  the  tropics,  he  is  beginning  to 
tackle  seriously  the  matter  of  soil  control,  particularly 
from  the  engineering  standpoint,  but  plant  ecology  in  its 
relation  to  the  position  the  white  man  proposes  to  occupy 
in  Africa  has  scarcely  been  touched  upon.  Experience  in 
cooler  regions  has  taught  men  that  if  they  can  control  the 
soil  they  can  control  the  vegetation  and  adapt  it  to  their 
own  needs.  In  cool  regions  we  can  completely  change  the 
naturai  soil  type,  and  thereby  the  naturai  vegetation  too, 
by  physical  and  chemical  means;  in  the  humid  tropics  we 
can  only  effect  radicai  changes  in  the  soil  by  controlling 
the  vegetation,  and  at  present  we  bave  little  lasting  con- 
trol. It  seems  as  though  mastery  over  tropical  soils  must 
be  secured  with  the  help  of  the  ecologist  rather  than  of 
the  engineer  or  chemist,  and  in  the  world  at  large  the 
ecologist  does  not  command  the  same  respect  as  either  of 
the  others.  But  the  crying  need  in  the  tropics,  if  white 
civilization  is  to  retain  even  its  present  parlous  hold,  is  for 
more  biological  science,  and  for  plant  biology  even  more 
than  for  medicine,  entomology  or  anthropology.  In  view 
of  the  much  greater  retums  offered  by  research  in  physical 
Sciences  ali  over  the  world,  what  chance  has  tropical  plant 
ecology  of  receiving  the  support  it  should  bave— on  a  scale, 
for  example,  comparable  with  that  given  to  applied  chem- 
istry?  The  principal  stimulus  to  ecological  research  will 
come  from  the  cumulative  destructiveness  of  soil  erosion 
which  is  becoming  a  graver  and  more  intractable  question 
than  disease,  pests  and  inter-racial  antagonisms,  and  the 
f  ocal  point  at  which  ali  these  other  problems  meet. 
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We  recognize  the  dangers  in  making  any  broad  gener- 
alizations  about  so  diverse  a  region  as  tropical  Africa,  but 
in  a  brief  survey  such  as  this  we  must  either  look  at  the 
wood  and  ignore  the  constituent  trees  or  look  at  a  few 
selected  trees  and  ignore  the  nature  of  the  wood.  We  pro- 
pose to  confine  attention  to  the  wood.  We  shall  try  to  show 
the  present  trends  in  the  process  of  ecological  re-adjust- 
ment  necessitated  by  the  impact  of  European  civilization 
on  a  tropical  environment.  In  the  tropics  destruction  of  the 
land  is  so  rapid,  when  equihbrium  is  destroyed,  that  there 
is  no  time  for  the  more  leisurely  adjustments  by  trial  and 
error  which  bave  characterized  the  evolution  of  civilization 
in  temperate  countries.  Present  trends,  therefore,  are  likely 
to  bave  a  greater  significance  in  the  tropics  than  elsewhere. 
Within  a  few  years'  time  there  will  be  no  tuming  back 
from  the  path  we  shall  bave  taken. 

As  is  well  known,  the  basis  of  African  agriculture  was 
shifting  cultivation,  as  it  was  also  the  basis  of  prehistoric 
European  agriculture.  Had  contact  with  white  civilization 
not  been  made,  it  is  reasonable  to  assume  that  the  develop- 
ment  of  native  races  towards  the  state  of  'divine  discontent' 
by  which  General  Smuts  characterizes  modem  civilization 
would  bave  been  a  graduai  process  taking  centuries  or  mil- 
lenniums.  Agriculture  would  probably  bave  changed  im- 
perceptibly  towards  a  more  settled  system  as  the  cumula- 
tive influence  of  generations  of  men  on  the  soil  favoured 
such  a  change.  For  every  time  a  plot  is  cultivated  some 
slight  change  is  made  in  the  individuality  of  the  soil,  and 
when  the  plot  is  abandoned  the  returning  vegetation  is 
not  quite  the  same  as  before.  After  the  next  cultivation, 
perhaps  fifty  years  later,  man's  impress  on  the  soil  would 
become  stronger  and  so  the  process  might  go  on  without 
any  radicai  disturbance  of  the  naturai  equilibrium  until 
men  became  the  dominant  influence  on  a  changed  soil 
adapted  to  settled  agriculture.  Such  an  orderly  sequence  of 
events  might  bave  taken  place  in  Africa— or  it  might  not. 
It  undoubtedly  took  place  in  Europe,  and  possibly  in  trop- 
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ical  Central  America  where,  however,  the  resulting  Mayan 
civilization  was  but  a  passing  phase  in  the  soil's  evolution. 

Had  the  natives  thus  gradually  secured  control  over  the 
soil,  they  might  then  have  had  opportunity  to  develop 
their  own  'civilization'  on  a  fìrm  and  naturai  f  oundation  of 
experience  won  from  Nature.  Such  a  seemingly  idyllic 
state  of  aff airs,  however,  is  not  to  be  unless  we  assume  that 
white  domination  is  a  transitory  episode  in  African  history 
during  which  the  spark  of  divine  discontent  has  been  fired. 

The  introduction  of  European  agriculture  and  the  adop- 
tion  of  semi-continuous  cultivation  by  shortening  the 
land's  resting  period  meant  in  effect  that  mankind,  white 
and  black,  had  assumed  dominance  on  soils  that  were  stili 
by  their  nature  suited  only  for  the  indigenous  vegetation. 
Human  dominance  has  its  allotted  period  in  the  biological 
succession  of  a  region,  and  we  do  not  know  enough  about 
ecology,  nor  have  we  sufficient  power  to  change  the  soil 
at  will,  to  be  able  to  skip  the  intermediate,  naturai  stages 
between  dominance  by  forest  or  savanna  and  dominance 
by  man.  Neither  do  we  yet  know  what  the  intermediate 
stages  should  be,  but  the  probabiHty  is  that  we  must  go 
back  to  the  beginning  and  learn.  What  we  have  to  learn  is 
not  only  the  appropriate  agricultural  systems  and  oper- 
ations  but  also  w  hat  type  of  society— tribal,  f  eudal,  despotic, 
democratic  or  otherwise— can  co-exist  on  the  soil  during 
its  transition  from  a  plant-dominated  to  a  man-dominated 
type.  It  is  unlikely  that  any  advanced  type  of  social  organi- 
zation  can  be  built  up  until  men  have  complete  control 
over  the  soils  and  plants,  and  it  will  be  mere  chance  if  the 
type  that  does  evolve  conforms  with  the  aspirations  of  en- 
lightened  opinion. 

It  is  stili  too  early  to  see  clearly  the  trend  of  social  evo- 
lution among  white  communities  in  tropical  Africa,  but 
soil  erosion  which  is  virulent  in  Kenya  Colony  and 
Southern  Rhodesia  has  already  led  to  a  considerable  degree 
of  co-operation  among  private  and  public  landholders  for 
their  mutuai  protection.  A  further  extension  of  co-oper- 
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ation  against  erosion  in  European  reserves  along  the  lines 
adopted  in  America  could  have  been  anticipated,  had  the 
matter  not  been  complicated  by  conflicting  racial  interests 
and  the  contiguity  of  native  reserves  in  which,  largely  as  a 
consequence  of  decreasing  soil  fertility,  pressure  on  the 
land  tends  to  become  excessive.  The  European  community 
is  thus  faced  with  the  necessity  of  presenting  a  united  front 
both  against  erosion  and  the  almost  irresistible  pressure  of 
the  land-hungry  native  population.  The  prevention  of 
f  urther  erosion  on  native  land  is  at  least  as  vital  to  European 
security  as  on  alienated  land,  apart  altogether  from  hu- 
manitarian  principles. 

According  to  the  principle  of  segregation,  which  is  pro- 
posed  as  one  means  of  solving  or  obviating  racial  problems, 
it  is  urged  that  native  and  European  agriculture  should 
each  develop  along  distinct  lines.  Indeed,  it  is  difficult  to 
imagine  that  segregation  would  endure  wère  the  agricul- 
tural  bases  of  native  and  European  society  to  develop  along 
the  same  lines,  or  that  European  agriculture  organized 
primarily  for  export  could  compete  economically  v^^ith  a 
similarly  organized  native  agriculture.  The  idea  that  natives 
should  be  encouraged  to  produce  export  crops  in  order  to 
raise  their  standard  of  living  is  being  abandoned,  both  for 
the  sake  of  the  soil  and  in  the  economie  interests  of  the 
European.  The  wisdom  of  developing  native  agriculture 
along  naturai  lines  as  far  as  that  is  possible  within  the  frame- 
work  of  European  civilization  can  hardly  be  doubted,  but 
it  is  questionable  whether  a  collateral  development  of  a 
distinct  European  agriculture  along  the  lines  desired  by 
Europeans  is  at  the  same  time  feasible.  Here  again,  erosion 
control  promises  to  be  the  decisive  factor  in  the  long  run. 

It  is  necessary  to  bear  in  mind  the  extreme  sensitiveness 
of  the  soil-plant  organism  in  the  tropics.  The  organism  is 
easily  and  seriously  disturbed  by  even  slight  deviations 
from  the  appropriate  methods  or  land  utilization— e.g.  by 
shortening  the  resting  period  of  shifting  cultivation.  It  is 
less  feasible  in  the  tropics  than  in  temperate  regions  to 
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restore  a  disturbed  equilibrium  on  the  land  by  patching  up 
one  area  independently  of  other  topographically  associated 
areas.  Patchwork  erosion  control  is  stili  the  order  of  the 
day  and  where  applied  has  often  achieved  considerable  suc- 
cess, but  it  is  freely  admitted  that  such  control  is  at  best 
a  temporary  palliative  until  suitable  organizations  are 
cvolved  for  tackling  actual  and  threatened  erosion  on  a 
regional  basis.  Only  by  the  unifìed  treatment  of  complete 
naturai  regions  can  permanent  stability  be  secured.  Ap- 
preciation  of  this  fact  is  reflected  in  the  increasing  co- 
operation  among  European  landholders  and  public-works 
departments.  Natives  also  are  being  taught  or  compelled 
to  co-operate  to  save  their  reserves. 

Since,  however,  native  reserves  have  usually  been  de- 
marcated  not  primarily  on  a  regional  basis  but  rather  with 
the  purpose  of  ahenating  the  land  most  suitable  for  Eu- 
ropean settlement,  native  and  European  areas  sometimes 
occupy  different  parts  of  one  naturai  region  which  for 
adequate  erosion  control  requires  unified  treatment  and 
co-ordinated  land-utilization  practices  throughout  its  length 
and  breadth.  With  the  examples  from  America  before  us, 
we  can  imagine  that  a  position  might  easily  arise  in  which 
it  was  imperative  to  reserve  definite  areas  for  forest,  for 
controlied  grazing,  for  plantations,  for  food  production, 
for  retirement  from  cultivation  and  so  on,  regardless  of 
the  colour,  status  or  innate  disposition  of  the  present  land- 
holders. In  such  cases  the  boundaries  between  native  and 
European  areas  would  ultimately  be  determined  by  the 
nature  of  the  soils,  or  they  would  disappear,  or  native  and 
European  agriculture  would  become  indistinguishable. 

That  is  a  vision  of  the  future  and  takes  no  account  of 
human  determination  to  order  things  other wise.  Determi- 
nation  in  America  to  build  and  preserve  an  individualistic 
society  in  which  science  and  capitalism  would  distribute 
Nature's  abundance  to  ali  has  been  nuUified  by  soil  erosion, 
and  there  seems  no  reason  to  assume  that  the  best- 
intentioned  plans  for  Africa  (where  the  threat  of  erosion 
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is  more  imminent  than  in  America)  will  succeed  unless 
they  are  grounded  in  a  deep  understanding  of  the  prop- 
erties  and  limitations  of  the  soil.  Nowhere  yet  has  the  con- 
flict  between  what  the  ruling  race  demands  from  the  land 
and  what  the  land  demands  from  its  cultivators  led  to  an 
open  conflict  between  the  conquerors  and  conquered,  but 
that  such  may  occur  in  the  future  is  more  than  a  possibility. 
It  is  now  clear  that  throughout  East  Africa— at  least  in 
those  territories  under  British  influence— any  scheme  for 
permanent  soil  conservation  depends  for  its  success  on  ad- 
justments  in  the  system  of  land  tenure.  The  communal 
occupation  of  land  by  a  tribe  militates  against  any  perma- 
nent agricultural  improvement.  In  former  times,  when  the 
tribes  were  mainly  nomadic,  maintenance  of  soil  fertility 
was  a  matter  of  little  importance.  When  the  tribal  land 
showed  signs  of  exhaustion  and  before  any  lasting  damage 
was  done,  the  tribe  moved  on,  securing  new  land  by  right 
of  entry  or  force  of  arms.  The  weaker  tribes  were  sup- 
pressed  and  there  was  always  ampie  land  to  give  exhausted 
areas  time  to  recuperate  before  they  came  again  under 
cultivation  or  grazing.  The  communal  system  of  land  ten- 
ure was  well  adapted  to  this  mode  of  existence;  the  culti- 
vator  needed  to  take  no  thought  for  the  future,  he  could 
exploit  his  temporary  holding  to  the  utmost,  a  beneficent 
Nature  would  warn  the  tribe  when  to  leave  and  would 
restore  the  land  to  its  former  fertility  during  the  tribe's 
absence.  An  indispensable  condition  for  the  successful  op- 
eration  of  tribal  ownership  was  that  there  should  be  a  large 
excess  of  land  available  over  and  above  immediate  re- 
quirements.  As  soon  as  or  even  before  land  hunger  became 
apparent,  owing  to  the  permanent  confinement  of  tribes 
to  stated  areas,  the  communal  system  was  bound  to  break 
down  or  lead  to  disaster.  It  has  been  maintained  to  support 
the  principles  of  segregation,  naturai  native  evolution  and 
Indirect  Rule,  and  it  has  led  to  disaster.  An  inevitable  con- 
sequence  of  communal  ownership  is  to  put  a  premium  on 
soil  exploitation;  no  year-to-year  occupier  of  land  will 
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spend  his  substance  on  improvements  while  there  is  stili  a 
profit  to  be  gained  by  extracting  soil  fertility.  Similar  but 
slower  effects  bave  foUowed  the  rapid  spread  of  short- 
term  tenancy  in  the  United  States. 

To  preserve  the  basic  character  of  African  life  and  to 
prevent  its  complete  submergence  by  European  civiliza- 
tion,  the  tribe  must  remain  the  social  unit.  To  preserve  the 
soil,  without  which  life  is  impossible,  in  the  presence  of  a 
contiguous  European  civilization,  the  systems  of  land 
tenute  must  be  profoundly  modified.  Can  the  tribe  survive 
that?  Sooner  or  later— and  for  the  sake  of  the  land,  prefer- 
ably  sooner— the  foundations  upon  which  African  social 
units  bave  been  built  will  bave  to  be  reconstructed,  and  it 
is  scarcely  conceivable  that  the  present  superstructures  will 
be  able  to  stand  the  strain  unaltered. 

Where  a  system  of  individuai  land  ownership  prevails, 
the  effect  on,  and  the  outlook  for,  the  soil  is  not  much 
better  than  under  communal  ownership,  particularly 
where  (and  this  is  not  confìned  to  Africa)  customs  of  in- 
heritance  result  in  continuous  fragmentation  of  properties. 
The  more  individuai  properties  there  are,  the  more  diffi- 
cult  it  is  to  secure  adequate  co-operation  between  the 
landholders.  A  more  fundamental  difficulty  lies  in  the 
African's  innate  attitude  to  the  land.  Land  is  not  so  much 
a  form  of  wealth  as  a  source  from  which  wealth  can  be 
produced  as  from  a  mine,  but  with  the  advantage  that 
Nature  will  restore  the  mine  to  full  productive  capacity  if 
it  is  abandoned  before  complete  exhaustion. 

A  'land  sense'  rather  than  a  profound  scientific  training 
is  required  to  envisage  the  necessary  measures  to  be  taken 
to  preserve  the  soil.  There  are  administrators  and  farmers 
possessed  of  such  a  sense,  to  whom  the  vision  of  a  safe  and 
conservative  tropical  agriculture  is  becoming  increasingly 
clear,  in  most  European  territories  in  Africa.  The  chapters 
on  erosion-control  measures  show  that  there  is  nothing 
magic  about  safe  farming;  most  of  the  operations  involved 
in  it  bave  been  practised  in  one  form  or  another  from  time 
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immemorial.  From  the  economie  standpoint  erosion  con- 
trol should  be  simpler  in  tropical  than  in  temperate  coun- 
tries;  labour  is  cheap,  the  soil  brings  forth  crops  with  the 
minimum  of  cultivation,  and  tropical  produce  is  not  sub- 
ject  to  quite  the  same  intense  international  competition  as 
is  much  temperate  produce.  The  diificulties  or  applying 
erosion  control  in  Africa  are  not  technical,  but  psycho- 
logical— how  to  instil  a  real  land  sense  into  a  multitude  of 
primitive  people  while  at  the  same  time  imposing  upon 
them  an  agriculture  foreign  to  the  naturai  instincts  by 
which  they  stili  live.  Nothing  reflects  the  character  of  a 
primitive  society  so  clearly  as  its  agriculture.  Nothing  is 
more  difficult  to  change  than  agricultural  customs  and 
organization  without  destroying  the  foundations  upon 
which  the  society  is  built. 

A  witness  before  the  Kenya  Land  Commission  gave  his 
opinion  that  'the  African  people  have  never  estabhshed  a 
symbiotic  relationship  with  the  land.  They  are,  in  the  strict 
scientific  sense,  parasites  on  the  land,  ali  of  them'.^  This 
sweeping  statement  is  at  first  somewhat  difficult  to  recon- 
cile with  the  fact  that  erosion  is  most  widespread  and 
severe  in  European  colonies  Hke  Kenya  and  Southern 
Rhodesia.  There  is,  however,  a  good  deal  of  truth  in  it  in 
the  sense  that  the  African  has  no  instinctive  love  for  land 
as  such,  at  ali  comparable  with  that  exhibited  by  Eu- 
ropeans.  Land  does  not  give  the  owner  a  secure  anchorage 
(which  in  most  cases  he  does  not  want)  nor  is  it  regarded 
as  a  mark  of  social  standing.  Pride  of  possession  goes  to  the 
produce  of  the  soil  and  particularly  to  cattle  which  are 

^Quoted  in  Nature,  voi.  141,  1938,  p,  397. 

50  a.  North  Dakota,  U.S.A.  Reservoìr  for  water  conservation. 
Earth  fili  with  rubble  masonry  and  paved  shoot.  See  page  201. 
30  b.  Utah,  U.S.A.  Terrace-trenches  beìng  finished  after  machine 
ivork  has  been  completed.  Dams  are  placed  in  terraces  to  form 
individuai  reservoirs.  The  trenches  are  designed  to  hold  the  rain- 
fall  until  the  nvater  seeps  into  the  ground.  Terracing  facilitates 
plant  growth  by  catching  and  storing  run-off.  See  page  201. 
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more  easily  moved  than  the  land  that  nourished  them. 
Overcrowded  and  ever-multiplying  cattle,  sanctified  in  the 
iole  of  currency,  are  the  main  direct  cause  of  erosion  in 
the  areas  where  natives  are  confined  and  protected  from 
naturai  eliminating  scourges.  Efforts  to  refieve  overstock- 
ing  by  inducing  natives  to  accept  coins  in  place  of  cattle 
as  tokens  of  wealth  have  not  yet  been  crowned  with  much 
success.  It  is  questionable,  too,  whether  merely  removing 
this,  to  Europeans,  apparently  insensate  love  of  worthless 
cattle  without  substituting  for  it  a  genuine  but,  to  the 
native,  quite  foreign  love  of  the  land  will  act  at  best  as 
more  than  a  temporary  palhative.  It  should  be  bome  in 
mind  that  outside  Africa  the  universal  passion  for  metal 
and  paper  tokens  of  wealth  in  preference  to  land  has  been 
the  root  cause  of  most  man-made  soil  erosion. 

Furthermore,  should  the  natives  become  susceptible  to 
the  charms  of  money  they  will  presumably  want  to  pro- 
duce more  for  export— a  procedure  urdikely  to  benefit 
either  the  soil  or  European  traders. 

The  native 's  idea  seems  to  be  to  produce  enough  from 
his  land  for  his  family  to  live  on  and  to  convert  any  sur- 
plus into  stock  which  he  can  take  with  him  when  the  time 
Comes  to  move  from  the  exhausted  land  on  to  fresh  fields 
and  new  pastures.  The  several  native  systems  of  land  ten- 
ure  have  been  evolved  for  this  purpose,  and  with  disease 
and  war  ensuring  stationary  human  and  animai  populations 
they  worked  well  enough  before  European  settlement. 
The  system  gave  no  encouragement  to  land  improvement, 
which  in  any  case  was  unnecessary  when  land  was  plenti- 

5/  a.  Kansas y  U.S.A.  Lister  furroivs  filled  ivith  nvater  on  the 
moming  folloiving  a  Pwo-inch  rainfall.  See  page  ipo.  5/  b.  Ne- 
braska, U.S.A.  Basin  listing  on  the  contour.  Originally  there  ivas 
snoiv  on  the  field  but  it  thawed,  leaving  water  in  the  eight-foot- 
long  basins.  During  the  night  it  ivould  freeze  again  and  next  day 
the  thaiving  of  the  ice  and  soaking-in  of  the  nvater  ivould  con- 
tinue. It  is  probable  that  there  ivas  practically  no  run-off  on  this 
field  during  the  ivinter.  See  page  1^0. 
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fui.  Nature  restored  depleted  fertility  more  quickly  and 
effìcaciously  than  any  native  cultivator  could  have  done. 
But  the  success  of  the  systems,  whether  based  on  com- 
munal  or  individuai  ownership,  depended  upon  ampie  land 
being  available  f or  migration  and  on  a  passive  submission 
to  the  authority  of  the  soil  and  vegetation— two  conditions 
which  are  incompatible  with  an  advancing  civilization. 

Where  conditions  of  land  tenure  appear  to  have  en- 
couraged  erosion  or  militated  against  its  prevention,  it  is 
probably  not  the  system  that  is  at  fault  so  much  as  the  psy- 
chological  attitude  towards  the  land  of  the  people  who 
evolved  the  system.  The  people  are  stili  mainly  in  the 
migratory  stage  of  development  and  have  little  attachment 
to  the  soil.  Until  they  develop  a  greater  love  of ,  and  estab- 
lish  a  real  'symbiotic  relationship'  to,  the  land  they  will  not 
willingly  hold  or  cultivate  it  in  order  to  conserve  it.  The 
European  invasion  has  forced  the  naturally  migrant  popu- 
lation  suddenly  to  adopt  a  settled  existence  but  has  not 
succeeded  in  eifecting  a  correspondingly  drastic  change 
in  the  natives'  scale  of  values.  It  remains  to  be  seen  how  far 
and  how  quickly  the  native  can  be  'educated'  to  love  the 
land  and  whether  coercion,  which  in  some  degree  seems 
inevitable,  will  promote  the  education.  Assuming  that 
European  civilization  has  come  to  stay,  circumstances  will 
compel  the  natives  to  evolve  methods  of  land  utilization 
compatible  with  a  settled  existence,  and  the  real  question  is 
whether  their  naturai  detached  attitude  to  the  land  can 
change  quickly  enough  to  avert  the  alternative  disaster  of 
the  desert's  encroachment. 

On  the  island  of  Ukara  in  Lake  Victoria  the  Bakara  tribe 
has  been  forced  by  the  circumstances  of  its  isolation  to 
adopt  a  farming  system  which  will  give  continued  supporr 
to  a  dense  settled  population.  Here  economie  pressure  has 
resulted  in  the  evolution  by  the  natives  themselves  of  a 
conservative  agriculture  which  includes  crop  rotations, 
green  manuring,  stall-feeding  stock,  use  of  farmyard  man- 
ure,  and  pit  cultivation  and  contour  ridging.  Land  tenure 

[2-72] 


POLITICAL  AND  SOCIAL  CONSEQUENCES-III 

is  individuai.  Soil  erosion  occurs  but  is  not  unmanageable 
and  is  indeed  remarkably  slight  considering  that  much  of 
the  land  is  under  almost  continuous  cultivation.  Similarly, 
the  Erok,  Wamotengo  and  Wakara  people,  geographically 
isolated,  deprived  of  the  limitless  bounty  of  Nature  and  un- 
touched  by  European  influence,  evolved  their  own  systems 
of  soil  conservation.  The  timid  Erok  were  confìned  to  a 
limited  area  by  pressure  from  the  more  virile,  warlike 
tribes  surrounding  them.  To-day  'the  Erok,  no  longer 
afraid,  is  content  to  cultivate  and  move  on;  he  has  become 
a  miner  instead  of  a  farmer'/ 

The  Bakara,  however,  were  not  suddenly  isolated  from 
the  mainland.  The  evolution  of  their  conservative  agri- 
culture  was  a  normal  and  graduai  process  of  the  survival 
of  the  fìttest  under  gentle  coercion  from  Nature.  Much 
stronger  coercion  will  have  to  be  applied  to  force  the  na- 
tives  in  contact  with  European  civilìzation  into  a  similar 
mould  in  the  short  time  stili  lef t  to  stem  the  swelling  tide  of 
erosion.  They  cannot,  in  fact,  be  lef t  to  work  out  their  own 
destiny;  they  require  something  in  the  nature  of  a  far- 
sighted  despot  who  will  see  that  his  own  fortunes  are 
bound  up  with  those  of  his  subjects.  Coercion,  which  need 
not  be  oppressive,  will  be  required  to  ensure  that  ali  or  the 
majority  of  native  landholders  protect  their  soil  in  the 
interests  of  the  community.  The  results  of  soil  protection 
may  be  sufHcient  in  themselves  to  cause  a  change  of  heart 
and  make  a  bond  between  the  native  and  his  land  that  will 
be  a  safeguard  against  subsequent  exploitation,  but  more 
probably  continued  pressure  will  have  to  be  exercised  to 
quell  the  dormant  migrant  instinct  which  trusts  to  Nature 
to  look  after  the  soil.  It  may  be  necessary  to  tie  the  native 
by  force  or  persuasion  to  the  soil  until  such  time  as  he  is 
prepared  to  stay  of  his  own  free  will. 

The  feudal  system  of  land  tenure  characterized  that 
period  of  European  development  when  men  were  not  en- 
tirely  masters  of  the  soil— when  the  forest  was  stili  a  co- 

*B.  J.  Hartley  in  East  African  Agricultural  Journal,  March  1938,  p.  391. 
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dominant  ready  to  repossess  the  land  immediately  it  was 
abandoned.  A  somewhat  analogous  ecological  relationship 
between  man  and  vegetation  exists  in  Africa  to-day,  and  a 
system  of  land  tenure  analogous  to,  but  not  identical  with, 
medieval  f eudalism  might  well  develop  as  a  way  out  of  the 
impasse  created  by  soil  erosion  and  the  conflicting  demands 
of  the  indigenous  and  exotic  races  on  the  land.  The  scales 
are  tilted  against  the  natives  in  favour  of  the  vegetation. 
The  Europeans,  on  the  other  hand,  bave  the  inherited  ex- 
perience  of  civilization  to  help  them  and  the  untried  but 
powerful  weapon  of  science  which  may  bring  victory  or 
defeat  according  to  the  use  that  is  made  of  it.  Except  in 
certain  restricted  areas,  however,  they  are  constitutionally 
unfit  to  make  permanent  settlements.  The  land,  if  it  is  to  be 
permanently  settled,  requires  a  master  to  control  it  and 
servants  to  work  it.  In  Africa,  as  a  rule,  those  who  could 
be  masters  are  incapable  of  heavy  work  and  those  who 
might  be  servants  are  incapable  of  ruling. 

When  soil  erosion  is  the  immediate  consequence  of  any 
misuse  of  settled  land,  the  security  of  the  community  or 
State  depends  upon  the  landholders'  appreciation  and  ful- 
filment  of  their  separate  responsibilities,  and  their  submis- 
sion  to  certain  conditions.  Some  conditions— e.g.  that  soil 
fertihty  be  maintained  however  the  land  is  used— are  of 
general  application,  others— e.g.  the  permissible  types  of 
land  utilization— are  specific  according  to  the  location  of 
the  land,  the  soil  type,  climate,  etc.  Where  the  stability  of 
each  field  depends  upon  that  of  its  neighbours  some  kind  of 
regional  or  district  organization  becomes  imperative,  and 
the  more  independent  landholders  there  are,  the  more  diffi- 
cult  it  is  to  organize  and  carry  through  a  permanent  soil- 
conservation  pian.  We  suggest  that  some  system  which  will 
leave  the  responsibiUty  for  organizing,  and  the  power  to 
enforce,  soil  conservation  in  the  hands  of  the  few  while 
the  many  do  the  work  either  voluntarily  or  by  indenture 
is  indicated  as  the  probable  future  basis  of  land  tenure  in 
tropical  Africa  under  European  influence.  In  every  way 
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the  European  is  fitted  to  be  the  overlord  and  the  native  to 
be  the  villein. 

Feudalism  in  any  forni— twentieth-century  Af rican  f eu- 
dalism  would  be  very  diff erent  from  the  medieval  variety 
— is  contrary  to  Britain's  expressed  policy  with  regard  to 
her  colonies  and  protectorates,  but  that  policy  has  not  been 
outstandingly  successful  in  its  effect  on  the  welfare  of  the 
land,  which  is  now  demanding  prior  consideration  to  the 
welfare  of  the  people.  The  expressed  object  of  French  ad- 
ministration  is,  by  contrast,  to  exploit  the  colonies  and  their 
inhabitants  for  the  benefit  of  France  and  Frenchmen.  The 
colour  bar  is  not  so  insuperable  between  French  as  between 
British  and  African,  and  racial  segregation  and  'holding  the 
land  in  trust  for  the  natives'  bave  never  come  to  the  f ore 
as  practical  policies  in  French  possessions.  The  extent  of 
soil  wastage  in  French  Africa  is  largely  a  matter  for  con- 
jecture;  its  presence  has  not  been  proclaimed  so  loudly  as 
it  has  been  in  British  Africa,  and  probably  it  is  not  so  wide- 
spread  or  advanced,  for  geographical  reasons.  (Erosion  is 
much  more  serious  in  East  than  in  West  Africa.)  In  view 
of  the  innumerable  other  f  actors  involved,  it  would  be  use- 
less  and  invidious  to  try  to  trace  a  connexion  between  the 
present  extent  of  erosion  and  the  prevailing  type  of  ad- 
ministration. 

The  fact  that  erosion  has  occurred  and  is  occurring 
through  practically  ali  tropical  Africa  under  European 
administration  is  sufficient  indication  that  no  colonial  coun- 
try has  yet  discovered  the  correct  relationships  that  should 
exist  not  only  between  the  different  races  but  also  be- 
tween these  and  the  land.  Colonial  policy  has  been  con- 
cemed  primarily  with  adjusting  the  immediate  conflict  of 
interests  between  the  rulers  and  the  ruled.  The  land  has 
of  course  come  into  the  picture,  but  only  incidentally  to 
the  more  urgent  matter  of  keeping  the  peace  between  men. 
The  position  is  now  being  reversed;  the  demands  of  the 
land  must  and  will  be  satisfied,  if  necessary  even  at  the  cost 
of  peace.  It  will  be  a  supreme  triumph  of  statesmanship  if 
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at  least  something  of  European  civilization  remains  intact 
after  the  land  has  been  made,  or  has  made  itself,  secure. 

A  feudal  type  of  society  in  which  the  native  cultivators 
would  to  some  extent  be  tied  to  the  lands  of  their  Eu- 
ropean overlords  seems  the  most  generally  suited  to  meet 
the  needs  of  the  soil  in  the  present  state  of  African  devel- 
opment.  Africa  cannot  be  expected  to  accept  feudalism 
without  a  struggle;  in  parts  of  British  Africa  it  would  mean 
jettisoning  the  promising  experiment  of  Indirect  Rule, 
everywhere  it  would  mean  denying  to  the  natives  some 
of  the  Uberty  and  opportunities  for  material  advancement 
to  which  their  labours  should  entitle  them.  But  it  would 
enable  the  people  who  have  been  the  prime  cause  of  ero- 
sion  and  who  have  the  means  and  abiUty  to  control  it  to 
assume  responsibility  for  the  soil.  Self-interest,  untram- 
melled  by  fears  of  native  rivalry,  would  ensure  that  the 
responsibility  was  carried  out  in  the  ultimate  interests  of 
the  soil.  At  present,  humanitarian  considerations  for  the 
natives  prevent  Europeans  from  winning  the  attainable 
position  of  dominance  over  the  soil.  Humanity  may  per- 
haps  be  the  higher  ideal,  but  the  soil  demands  a  dominant, 
and  if  white  men  will  not  and  black  men  cannot  assume 
the  position,  the  vegetation  will  do  so,  by  the  process  of 
erosion  finally  squeezing  out  the  whites.  For  the  tropical 
environment  is  so  delicately  balanced  that  the  soil  must 
have  a  fìrm  ruler,  or  chaos  will  supervene— as  it  has  already 
supervened  in  Africa. 

It  is  a  rule  in  the  economy  of  plant  associations  which 
can  hold  the  soil  secure  against  erosion  that  the  subordinate 
species  exist  for  and  by  favour  of  the  dominants.  The  un- 
dergrowth  in  a  forest  gets  the  light  and  food  which  the 
trees  permit.  It  is  kind  to  the  undergrowth  to  remove  the 
trees,  but  hard  on  the  soil,  for  the  undergrowth  can  seldom 
prevent  erosion  or  soil  exhaustion  in  the  absence  of  a  tree 
canopy,  and  the  whole  environment  suffers.^  It  is  kind  to 

^The  relation  between  a  tree  canopy  and  the  erodibility  of  a  naturai  forest 
soil  is  explaioed  od  pp.  89-90. 
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the  natives  to  allow  them  their  due  rights  in  a  civilized 
community  but  hard  on  the  soil,  and  soon  in  Africa  the 
soil  will  be  more  insistent  on  its  right  to  bave  a  ruler  than 
the  natives  are  on  theirs.  Either  the  white  man  or  the  wild 
vegetation  is  destined  to  become  dominant  on  the  soils 
which  the  former  now  administers  but  does  not  rule. 

The  end  of  ecological  evolution  has  not  come  when  the 
dominance  of  trees  is  firmly  established  on  a  forest  soil. 
There  are  forests  in  which  the  undergrowth  disappears 
completely  as  the  tree  canopy  closes;  there  are  others  in 
which  the  dominant  trees  and  undergrowth  exist  indefì- 
nitely  in  equilibrium;  and  there  are  others  in  which  the 
undergrowth  thrives  best  and  ultimately  displaces  the  trees. 
What  happens  depends  largely  upon  the  soil.  What  will 
happen  in  Africa  if  and  after  the  white  man  has  won  bis 
dominion  will  also  depend  upon  the  soil.  He  may  become 
the  supreme  overlord  of  tropical  Africa  but,  except  in  very 
limited  areas,  the  soil  and  climate  will  always  favour  the 
black  man. 

Por  better  or  worse,  the  seeds  of  civilization  bave  been 
sown,  and  Africa  can  never  revert  to  its  former  condition, 
where  the  forest,  savanna  and  veld  maintained  the  stem 
and  efficient  laws  of  the  jungle.  Is  it  to  be  a  white,  a  black 
or  a  mulatto  civilization,  or  are  white  and  black  to  work 
out  their  separate  destinies  side  by  side?  The  choice,  if  it 
rested  entirely  with  the  ruling  people,  would  be  between 
th  first  and  last,  but  the  ruling  people  are  stili  subservient 
to  the  soil  and  the  treatment  they  bave  accorded  to  the  soil 
has  not  been  such  as  to  strengthen  their  control  over  the 
destiny  of  the  continent.  Soil  erosion  is  precipitating  a 
decision  which  might  well  bave  been  deferred  until  ali 
men  in  Africa  had  gained  wider  experience,  and  soil  ero- 
sion will  in  the  end  negative  any  decision  except  the  right 
one. 
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CHAPTER  XXI 

Politicai  and  Social  Consequences 

IV.  SOUTH  AFRICA 


South  Africa^s  immense  underground  nvealth  and  poor 
surface  soils.  The  dependence  of  ivhite  civìUzatìon  on  soil 
fertility.  Hoiv  the  soil  may  he  saved.  Politicai  obstacles  to 
co-operatìon.  Conserving  soil  ivith  gold.  Government 
assistance  and  jarmers'*  indifference.  The  ^poor  white\  A 
soìl-exhaustìon  policy  after  the  Boer  WarjSoil  conservation 
by  importing  graìn.  Subsidizing  the  farmer  or  the  soil?  Racial 
considerations.  Native  land  hunger.  The  Transkeian  Terri- 
tories.  Vital  areas  in  native  reserves.  Basutoland.  Educating 
natives  in  soil  conservation.  The  position  of  the  native  in 
industry  and  agriculture.  More  native  land  is  inevitable. 
Difficulties  in  distributing  the  country  betiveen  natives  and 
Europeans.  A  possible  ivay  cut. 


A 


NATIONAL  CATASTROPHE,  duc  to  soil  eiosìon,  ìs  pcrhaps 
more  imminent  in  the  Union  of  South  Africa  than  in  any 
other  country.  From  the  politicai  and  social  point  of  view 
the  erosion  question  in  South  Africa  has  several  unique 
features. 

The  enormous  underground  wealth  of  South  Africa  has 
been  the  principal  inducement  to  European  settlement 
and  the  principal  means  by  which  European  civilization 
has  entrenched  itself  in  the  country.  The  operating  gold 
mines  are,  however,  within  sight  of  exhaustion  and  the  stili 
untapped  sources  of  gold  are  unlikely  to  be  of  great  extent. 
The  surface  wealth  as  represented  by  the  naturai  richness 
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of  the  soil  is,  on  the  other  hand,  small  and  has  in  the  past 
been  mercilessly  exploited  by  farmers  and  landowners 
attempting  to  maintain  the  standard  of  living  set  by  the 
white  mining  community.  The  stili  continuing  loss  of  soil 
by  erosion  constitutes  a  much  more  serious  threat  to  South 
African  prosperity  than  the  exhaustion  of  the  mines,  which 
was  inevitable  whatever  happened.  It  is  not  sufficient  to 
stop  the  rot  of  soil  erosion.  Already  there  is  little  excess  of 
f ertility  to  permit  an  expansion  of  population  without  a  fall 
in  the  level  of  subsistence,  and  if  the  population  continues 
to  expand  at  its  present  rate  there  can  be  little  doubt  but 
that  the  better  adapted  native  races  with  their  lower  de- 
mands  on  the  soil  will  squeeze  out  the  more  exacting  exotics. 
It  is  imperative  not  only  to  stop  erosion  but  also  to  restore 
the  soil  fertility  that  has  already  been  lost.  If  human  in- 
genuity  can  achieve  that,  there  seems  no  reason  why  it 
should  not  then  raise  soil  fertility  f urther  to  a  level  hitherto 
unattained.  Given  a  stable  and  productive  soil,  Europeans 
should  at  least  be  able  to  hold  their  ov^n  in  competition 
with  the  natives;  without  soil  stability  they  are  doomed  to 
occupy  at  best  a  subordinate  place  in  South  Africa's  econ- 
omy.  A  clearer  illustration  cannot  be  found  of  the  de- 
pendence  of  a  civilized  society  on  securing  and  maintaining 
absolute  control  of  the  soil. 

The  means  by  which  control  of  the  soil  can  be  secured 
are  ready  to  hand.  The  present  technique  of  applying  them 
could  and  doubtless  will  be  improved,  but  is  already  ade- 
quate to  prevent  a  major  disaster,  especially  if  common 
sense  is  allied  to  the  rapidly  advancing  science  of  grassland 
ecology.  'Let  us  project  ourselves  twenty-five  years  on- 
wards  in  time',  wrote  a  contributor  to  the  Bloemfontein 
Friend,^  'and  imagine  that,  in  the  interval,  throughout  the 
grazing  and  arable  areas  of  the  Union— European  and  Na- 
tive—soil  and  water  conservation  work  combined  with 
pasture  cultivation  has  been  carried  out  systematically  on 
every  sluit  and  donga  system.  .  .  . 

^February  25,  1937. 
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'Let  US  imagine,  too,  that  cornlands,  pastures,  valleys 
exposed  to  the  threat  of  flood  in  seasons  of  heavy  rainfall 
bave  been  in  the  same  period  protected  with  contour  fur- 
rows;  that  veld  burning  on  the  mountains  has  been  stopped; 
that  progressive  reclamation  work  has  restored  to  some 
measure  the  absorbent  qualities  of  the  vegetation  of  our 
catchment  areas. 

'Let  US  conceive,  further,  that  wise  policies  of  land  man- 
agement, backed  by  seasonal  weather  f  orecasts,  bave  in  the 
same  period  established  a  better  balance  between  stock 
farming  and  crop  farming;  and  that  there  is  no  longer 
serious  overstocking  to  cause  fresh  trampling  out  of  veld. 

'Can  it  be  doubted  that  the  soil  of  South  Africa  would 
then  be  capable  of  sustaining  a  population  at  least  doublé 
its  present  total  and  that  the  f  oundations  of  our  sometimes 
precarious  civilization  would  be  deep  and  secure  in  a  pros- 
perous,  well-watered  land  from  which  the  spectre  of 
drought  was  banished?' 

This  vision  should  be  realizable  by  a  nation  financially 
in  a  position  to  ignore  the  costs  of  erosion  control, 
equipped  with  ali  available  aids  of  modem  science  and 
faced  by  an  unthinkable  alternative  if  the  emergency  is  not 
immediately  tackled.  The  difiìculties— some  of  them  per- 
haps  insuperable— in  the  way  of  its  realization  are  largely 
politicai;  when  General  Smuts  said  that  soil  erosion  was 
'bigger  than  any  politics'  he  was  addressing  a  people  among 
whom  politics  is  a  particularly  powerful,  and  powerfully 
disruptive,  force.  British,  Dutch,  Africans  and  Indians  are 
quarrelling  over  the  share-out  of  the  South  African 
skeleton  after  it  has  been  finally  stripped,  and  in  such  an 
atmosphere  the  technically  simple  process  of  re-clothing 
the  skeleton  so  that  ali  might  feed  to  repletion  does  not 
receive  due  attention.  Unavoidable  politicai  passions  and 
antipathies  are  stili  strong  enough  to  restrain  the  co-oper- 
ative spirit  which,  in  South  Africa  as  elsewhere,  must  f orm 
the  basis  of  a  national  soil-conservation  policy. 

But  it  is  a  race  against  time.  Without  its  minerai  wealth 
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South  Africa  would  be  a  parched  land  without  hope  of  re- 
covery, for  men  do  not  reclaim  a  semi-desert  for  amuse- 
ment.  It  was  not  always  such  a  parched  land.  Seventy 
years  ago  a  traveller  stated  that  the  greatest  obstacles  to 
pastoral  farming  in  the  Grange  Free  State  were  the  naturai 
richness  and  excessive  wetness  of  the  pastures.  The  rich 
grasses  have  now  gone  and  the  dried-up  pools  and  springs 
are  remembered  only  in  place-names  like  Bloemfontein. 
The  same  amount  of  water  as  formerly  falls  from  the  sky, 
but  it  tears  new  guUies  through  the  land,  sinks  into  the 
bowels  of  the  earth  or  finds  its  way  into  the  sea  without 
nourishing  the  plants  to  which  it  should  have  given  life. 
The  former  conditions  can  be  restored,  the  water  can  be 
held  on  the  land  so  that  a  rich  vegetation  reappears  and  re- 
forms  a  naturally  absorbent  soil,  but  for  men  to  work  the 
transformation  they  must  find  money  and  be  prepared  to 
spend  it  without  hope  of  immediate  return.  What  better 
use  for  South  African  gold  could  be  f ound  than  to  bury  it 
again  in  the  surface  soil?  South  Africa  might  re-purchase 
much  of  her  lost  fertility  with  the  wealth  lying  beneath 
the  soil,  whereas  many  other  African  countries  must  buy 
fertility  with  the  produce  of  the  soils  themselves— a  case 
of  robbing  Peter  to  pay  Paul— or  accept  the  wherewithal 
as  a  gift  or  loan  from  elsewhere. 

It  is  worth  noting  that  the  Government  provided  about 
;f  2,500,000  in  the  way  of  subsidies  for  soil-protection 
Works  during  the  four  years  193  3-1937,  which  may  be 
compared  with  a  gold  production  valued  at  about 
^T  3  00,000,000.  The  relative  smallness  of  the  government 
grant  was  not  due  to  officiai  parsimony  but  partly  to  the 
inappropriateness  of  the  proposed  scheme,  and  largely  to 
the  indiif erence  of  farmers.  A  section  of  the  farming  com- 
munity is  fuUy  alive  to  the  need  for  action  but  a  'deplor- 
ably  large  number  of  farmers,  illiterate  and  steeped  in  the 
improvident  habits  of  generations  of  similar  ancestors, 
remains  bUssfully  unaware  of  the  ravages  of  erosion  or 
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officiai  efforts  to  get  at  them,  or  declines  to  interfere  with 
"acts  of  God"  \' 

The  lack  of  recognition  of ,  or  indiif  erence  to,  the  conse- 
quences  of  soil  exploitation  on  the  part  of  a  large  section 
of  the  dominant  race  introduces  into  South  African  ero- 
sion  policy  a  disturbing  factor  that  is  almost  absent  in 
tropical  Africa  where  the  European  settlers  have  fewer 
axes  of  their  own  to  grind  and  their  average  standard  of 
education  is  higher.  One  of  the  soil  conservationist's  great 
problems,  indeed,  is  the  presence  of  irresponsible  'poor 
whites'  and  illiterates  on  the  land— a  problem  that  extends 
in  lesser  degree  beyond  the  frontier  into  Southern 
Rhodesia.  Professor  H.  D.  Leppan  in  The  Organization  of 
Agrìculture  with  Applications  to  South  Africa,^  has  ex- 
pressed  the  somewhat  heterodox  opinion  that  the  land  is 
overstocked  with  men  as  well  as  with  animals  and  that  a 
white  peasant  class  is  undesirable.  Needless  to  say,  this 
opinion  is  not  universally  held,  but  it  may  be  compared  with 
the  arguments  put  f orward  in  the  last  chapter  to  show  that 
the  future  trend  of  social  development  in  tropical  Africa 
may  be  towards  feudalism.  We  shall  return  later  to  the 
application  of  these  arguments  to  South  African  con- 
ditions. 

There  is  much  more  general  agreement  with  Leppan's 
view  that  in  a  pohcy  of  land  utilization  concentrating  al- 
most entirely  on  properly  organized  animai  husbandry  Ues 
South  Africa's  chief  hope  of  salvation.  He  traces  the  past 
pohcy  of  encouraging  cereal  production,  assisted  by  ex- 
port subsidies,  tariffs  and  a  magnificent  elevator  system, 
to  the  economie  consequences  of  the  South  African  War, 
and  points  out  that  the  reverse  policy  of  encouraging  cheap 
grain  imports  would  have  the  eff ect  of  increasing  soil  fer- 
tiUty,  thereby  helping  to  save  the  veld  from  erosion.  The 
imported  feeds  would  be  used  to  reheve  pressure  on  the 
pastures,  and  not  to  carry  more  animals,  which  should  be 

^A.  W.  Phillips,  Farmer's  IVeekly,  February  26,  1937. 
'Central  News  Agency,  Johannesburg,  1936. 
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fewer  and  of  better  quality.  More  use  should  be  made  of 
cultivated  land  in  producing  animai  rather  than  human 
food.  The  meat  market  could  be  engrmously  extended, 
and  the  demand  for  maize  proportionately  reduced,  by 
educating  the  natives  and  raising  their  standard  of  living. 

A  positive  poHcy  of  encouraging  imports  into  a  country 
which  could,  if  desired,  be  self-sufficient  in  respect  of  the 
main  cereal  crops  would  be  unique  in  the  modem  world. 
The  adoption  of  such  a  poHcy  would  support  the  argu- 
ment  we  developed  in  Chapter  XVII  that  erosion  and 
economie  nationalism  are  complementary  forces  causing  a 
graduai,  if  painf ul,  re-distribution  of  soil  f ertility  through- 
out  the  world.  In  many  of  the  newer  countries  it  will  be 
sufKcient  to  conserve  the  remaining  fertihty  by  an  ex- 
temally  enforced  restriction  of  agricultural  exports,  but  in 
South  Africa  the  present  standard  of  fertility  will  be  in- 
adequate to  support  a  white  civilization  when  the  mines 
are  exhausted.  Before  that  happens  inherent  fertility  will 
have  to  be  implemented  by  imports,  and  the  importation 
of  food,  particularly  animai  food,  much  of  which  will 
ultimately  find  its  way  into  the  soil  as  manure,  is  one  very 
obvious  way  of  storing  up  a  reserve  of  fertility  in  the  soil. 
On  the  face  of  it,  too,  a  direct  exchange  of  some  of  South 
Africa's  abundant  gold  for  soil  fertility  from  another  land 
would  seem  a  good  bargain.  But  farmers  are  more  likely  to 
demand  that  the  country's  ephemeral  surplus  wealth  be 
used  for  the  fatai  purpose  of  subsidizing  production  for 
export. 

The  disharmony  between  urban  and  rural  life— between 
the  wealth  of  the  mines  and  the  poverty  of  the  soil— is  a 
matter  of  growing  concem  to  ali  shades  of  South  African 
opinion.  A  more  even  distribution  of  the  nation's  money 
resources  would  go  far  towards  mitigating  the  present 
antagonism  between  town  and  country,  but  by  itself  would 
not  necessarily  operate  in  favour  of  a  more  conservative 
agriculture.  From  a  practical  point  of  view  the  crux  of  soil 
conservation   is   controlied   veld   management,    without 
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which  ali  economie  and  politicai  measures  are  useless.  The 
very  fact  that  controlied  veld  management,  however  car- 
ried  out,  involves  first  and  foremost  the  conservation  of 
soil  fertility  implies  that  it  will  also  involve  some  immedi- 
ate financial  sacrifice  (which  can  be  alleviated  by  a  sub- 
sidy)  on  the  part  of  the  farmer.  The  farmer  has  to  realize, 
for  example,  that  the  improvement  of  his  pastures,  at  his 
own  or  the  Government's  expense,  is  not  to  enable  him  to 
keep  more  stock;  he  may  even  be  compelled  to  keep  fewer 
when  his  land  is  a  national  asset  than  he  could  when  it  was 
a  liability. 

The  danger  in  granting  financial  assistance  to  the  coun- 
tryside  is  that  the  money  will  be  used  primarily  to  appease 
the  recipient  and  to  recoup  him  for  past  losses  and  only 
secondarily  to  restore  the  soil.  Indeed,  a  common  criticism 
of  the  Government's  first  tentative  schemes  for  subsidizing 
anti-erosion  work  has  been  that  the  Iure  of  a  subsidy  for 
damming,  and  not  land  reclamation,  has  been  the  main  in- 
centive for  undertaking  the  work,  which  is  consequently 
not  always  carried  out  with  due  regard  to  its  real  object. 
Both  the  farmers  and  the  land  are  crying  out  for  help, 
the  former  the  more  vociferously,  the  latter  the  more  in- 
sistently.  Perhaps  the  Union  can  afford  to  satisfy  both; 
if  not,  it  would  be  short-sighted  policy  not  to  give  pref- 
erence  to  the  land.  Very  clearly,  there  are  gigantic  politicai 
obstacles  to  be  overcome  before  a  consistent  policy  for 
rehabilitating  the  soil  can  be  carried  through  to  com- 
pletion,  even  if  we  ignote  the  all-pervading  racial  ques- 
tions. 

Ecologically,  racial  antagonism  in  South  Africa  differs 
from  that  in  tropical  Africa  in  that  climate  and  altitude 
allow  permanent  European  settlement  over  the  greater 
part  of  South  Africa.  There  are  no  insuperable  physical 
obstacles  to  prevent  a  European  people  from  running  the 
country  in  the  entire,  or  almost  entire  absence  of  natives, 
as  white  Australians  run  the  physically  more  unsuitable 
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northem  part  of  Queensland.  Actually,  however,  Euro- 
pean  domination  in  South  Africa  is  producing  a  greater  in- 
crease  in  the  native  and  Asiatic  than  in  the  European 
population.  If,  as  seems  probable,  the  relative  rates  of  in- 
crease  continue  to  favour  the  natives,  provision  must  be 
made  for  the  future  extension  of  native  areas  over  land  at 
present  held  by  Europeans.  There  is  no  knowing  where 
this  process  would  stop;  the  possibility  that  the  Europeans 
may  gradually  be  squeezed  out  of  their  land  by  sheer 
weight  of  native  numbers  is  a  powerful  argument  against 
the  policy  of  racial  segregation. 

The  land  hunger  which  now  afflicts  the  natives  and 
makes  further  concessions  of  land  inevitable  is  due  at  least 
as  much  to  erosion  and  decreasing  soil  fertility  as  to  in- 
creasing  populations.  That  erosion  has  been  disastrous  in 
many  native  reserves  and  has  made  them  unfit  to  support 
the  people  within  their  confìnes  is  generally  admitted. 
We  may  quote  from  a  memorandum^  prepared  by  the 
Chief  Magistrate  of  the  Transkeian  Territories  to  illustrate 
the  conditions  now  typical  of  many  reserves.  The  Trans- 
keian Territories  cover  over  16,000  square  miles,  contain 
about  1,000,000  humans,  1,500,000  cattle  and  4,660,000 
small  stock. 

Trior  to  the  coming  of  the  European,  the  native  was  a 
nomadic  hunter  and  pastorahst;  he  produced  very  little 
from  the  soil.  Within  recent  years  his  mode  of  living  has 
completely  changed.  He  is  now  primarily  an  agriculturalist 
and  secondly  a  pastoralist.  In  other  words  he  exists  mainly 
on  meaUes  grown  by  himself  and  regards  his  cattle  as 
wealth  negotiable  only  in  times  of  dire  need. 

*He  has  increased  considerably  in  numbers  and  the  Ter- 
ritories can  now  be  said  to  be  overpopulated  and  over- 
stocked,  the  latter  condition  arising  out  of  the  former. 

*To-day  the  general  appearance  of  the  Territories  pre- 
sents  the  foUowing  picture: 

^From  Erosion  and  Soil  Conservation,  by  G.  V.  Jacks  and  R.  O.  Whyte,  1938. 
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*(i)  Grazing  grounds  are  largely  trodden  out,  seeding 
rarely  takes  place  and  quality  of  grazing  is  seriously  im- 
paired. 

*(2)  Every  available  foot  of  arable  land  is  used.  Lands 
have  been  badly  located  and  frequently  occur  on  very 
steep  slopes. 

*(3)  Indigenous  forests  and  bush  have  largely  disap- 
peared. 

'While  the  number  of  stock  per  acre  is  far  in  excess  of 
what  it  should  be,  the  fact  remains  that  the  number  of 
stock  per  family  unit  is  barely  sufEcient  for  its  needs  if 
an  average  is  taken  per  family. 

'The  anti-erosion  works  which  have  been  carried  out 
will  help,  but  native  customs  and  mode  of  living  render 
eifective  reclamation  measures  exceedingly  difficult. 

*Only  the  following  drastic  steps  will  solve  the  problem: 

'i.  Reduction  in  the  number  of  stock,  which  is  not  a 
feasible  proposal. 

*2.  The  purchase  of  additional  land  to  alleviate  the  over- 
population. 

'3.  A  definite  scheme  of  stock  and  grazing  control.' 

The  position  is  equally  serious  in  other  reserves  which 
cover  some  of  the  best  watersheds  and  basins  of  the  prin- 
cipal  irrigation  rivers.  It  has  been  particularly  unfortunate 
that  the  Eastern  Highland  region,  owing  to  its  high  tem- 
peratures  and  rainfall,  is  the  least  healthy  for  European 
settlement  while  at  the  same  time  it  contains  the  sources 
and  headwaters  of  the  Union's  main  rivers.  It  was  only 
naturai  that  these  high  lands  should  have  been  reserved  for 
natives  in  preference  to  the  lower  lands  in  easier  com- 
munication  with  the  centres  of  industry.  But  the  high 
lands  control  the  water  regime  of  entire  river  systems,  and 
it  is  from  the  deforested  watersheds  that  the  germ  of  in- 
fectious  erosion  spreads  to  distant  regions.  Without  ade- 
quate watershed  protection  regional  erosion  control  is 
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doomed  to  failure.  When  a  formerly  nomadic  people, 
pastoral  or  agricultiiral,  is  confìned  to  a  restricted  forested 
area,  extensive  deforestation  is  inevitable.  Politicai  boun- 
daries  mean  nothing  to  a  turbulent  river  whose  head- 
waters  are  uncontroUable,  at  one  time  pouring  its  floods 
over  the  plains  and  valley  floors,  and  at  another  leaving 
dry  its  bed  and  the  associated  springs  and  wells.  An  old 
Japanese  proverb  says  that  'to  rule  the  mountain  is  to  rule 
the  river'— and  to  rule  the  river  is  of ten  to  rule  the  country. 
The  natives  on  the  watersheds  hold  the  key  to  the  security 
of  the  lower-lying  land.  It  is  in  their  own  as  much  as  in 
Europeans'  interests  that  they  should  be  educated  in  the 
art  of  protecting  their  land,  and  under  enlightened 
guidance  they  may  yet  succeed  in  devising  some  system  of 
land  utilization  which  will  at  once  enable  them  to  satisfy 
their  bodily  needs  and  conform  to  the  safety  limits  im- 
posed  by  the  environment.  Enlightenment  must  necessarily 
be  a  graduai  process  and  as  time  is  short  it  may  bave  to  be 
supplemented  by  coercion  on  a  scale  not  hitherto  at- 
tempted.  At  least  the  very  strictest  control  will  bave  to  be 
exercised  over  the  use  to  which  these  native-owned  water- 
shed  areas  are  put,  for  the  ultimate  benefit  of  the  owners 
certainly,  but  more  urgently  for  the  safety  and  welfare  of 
neighbouring  and  distant  regions  intended  for  the  perma- 
nent  homes  of  white  men. 

This  aspect  of  soil  erosion  is  well  illustrated  in  the  Basu- 
toland  Protectorate,  completely  enclosed  by  territory  of 
the  Union  of  South  Africa.  This  bone  of  contention  be- 
tween  the  British  and  South  African  Govemments  is 
usually  regarded  from  the  British  point  of  view  in  the 
light  of  the  declared  policy  that  the  interests  of  the  natives 
are  paramount,  and  there  can  be  little  doubt  that  the 
majority  of  natives  would  prefer  a  protected  autonomy 
under  the  British  Government  to  absorption  into  the 
Union.  The  Union's  demand  for  absorption  has  admit- 
tedly  been  actuated  mainly  by  nationalistic  sentiments— 
no  independent  nation  gladly  submits  to  territory,  which  is 
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geographically  part  of  the  nation,  being  under  control  of 
an  external  administration. 

Basutoland  contains  the  dominant  watershed  in  South 
Africa  and  through  it  run  the  headwaters  of  the  great 
Grange  River  and  its  tributary  the  Caledon.  South  Africa's 
principal  source  of  water  is  controlied  from  Basutoland, 
and  in  South  Africa  water  is  of  more  than  usuai  importance 
as  there  is  scarcely  enough  to  go  round.  The  occupiers  of 
Basutoland  could,  therefore,  to  some  extent  hold  South 
Africa  to  ransom  in  the  same  way  as  the  occupiers  of  the 
Sudan  can  hold  Egypt  to  ransom.  It  is  to  the  manifest  ad- 
vantage  of  the  Basutos  that  they  should  organize  to  prevent 
erosion  on  their  own  land  and  the  consequent  disasters 
to  Union  territory,  but  an  organized  native  community  in 
which  man  had  become  the  undisputed  dominant  over  the 
land  would  be  in  a  strong  position  to  determine  its  own 
destiny. 

These  are  matters  of  growing  importance  to  the  people 
in  the  Union.  For  some  years  the  Union  Government  has 
foUowed  the  policy  of  acquiring  watershed  areas  for  soil 
protection,  and  the  people  look  to  the  British  Govern- 
ment to  make  that  policy  effective  by  adopting  similar 
measures,  where  necessary,  in  the  Protectorates.  The  Brit- 
ish Government,  on  its  side,  recognizes  the  urgent  need 
for  immediately  preventing  further  erosion  and  restoring 
as  far  as  possible  the  derelict  areas  of  Basutoland  in  the 


52  a.  South  Africa.  Typical  contour  draìnìng  of  a  road  near 
Bothaville  in  the  Orange  Free  State  to  prevent  erosion.  See  page 
204.  52  b.  California,  U.S.A.  An  erosion-control  crew  in  the 
process  of  controlling  a  large  road  slope.  To  the  right  the  slope 
has  been  treated  by  a  system  of  contour  ivattles  imbedded  in  the 
soil  and  supported  by  ivooden  stakes  and  live  cuttings  of  nvilloiv, 
elderberry,  et  e.  In  the  centre  the  crew  is  working  towards  the 
top  after  previously  smoothing  out  gullies  and  combing  down 
loose  rocks.  To  the  left  is  a  section  of  a  slope  before  it  has  been 
smoothed  or  controlled.  Erosion  from  such  slopes  occurs  at  the 
rate  of  100,000  cubie  yards  per  mile.  Seepages  20^-06. 
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interests  of  the  inhabitants,  and  financial  and  other  as- 
sistance  is  being  given  for  the  purpose.  A  Report  to  Par- 
liament  on  the  financial  and  economie  position  of  Basuto- 
land^  stated  that  'erosion  in  its  many  aspects  is  now  the 
most  immediately  pressing  of  the  many  great  problems 
which  confront  the  Administration'. 

Thus  erosion  control  is  slowly  coming  to  be  recognized 
as  paramount  over  native  interests.  The  ultimate  interests 
of  the  natives  should  not  clash  with  erosion  control,  but 
their  immediate  interests,  which  are  pohtically  the  more 
important,  may,  and  if  they  do,  they  must  yield  before  the 
needs  of  the  soil  both  within  and  beyond  the  Protec- 
torate's  frontiers.  Since  the  consequences  of  erosion  extend 
far  into  Union  territory,  the  Union  has  acquired  a  power- 
ful  lever  with  which  to  advance  its  claims  for  absorbing 
Basutoland. 

One  beneficiai  result  of  the  politicai  status  of  Basuto- 
land has  been  not  only  to  draw  attention  to  the  urgency  of 
erosion  control  on  native  lands  but  also  to  convert  atten- 
tion into  action.  We  cannot  say  whether  the  British  Gov- 
ernment needed  its  band  forced  in  the  matter,  but  it  can 
scarcely  be  doubted  that  pressure  from  the  Union  ex- 
pedited  the  officiai  machinery  which  had  to  be  started 
six  thousand  miles  away  in  a  country  where  the  disaster  of 
erosion  has  not  been  experienced.  South  Africans  natu- 
rally  bave  a  more  reaUstic  appreciation  than  the  British  of 
the  imminence  of  the  erosion  danger.  Now  a  kind  of  rivalry 
is  apparent  in  the  conservation  policies  of  the  Union  and 
the  Protectorate,  each  aiming  at  giving  the  natives  the 
best  deal  compatible  with  the  safety  of  the  land.  It  is  felt 
in  the  Union  that  if  the  Basutos  observe  a  steadily  increas- 
ing  prosperity  in  the  native  reserves  adjoining  their  coun- 
try their  attitude  towards  incorporation  into  the  Union 

*H.M.  Stationery  Office  Crad.  4907,  London,  1935. 

55.  Basutoland.  Erosion  of  a  donga  caused  by  a  short-cut  path. 
The  staff  is  fourteen  feet  long  and  is  not  touching  the  bottoni. 
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may  be  modified.  Those  who  sympathize  with  the  Basutos' 
present  opposition  to  incorporation  are  recognizing  that 
their  position  can  only  be  maintained  so  long  as  it  does  not 
threaten  or  inflict  damage  on  Union  territory.  To  the 
South  African  the  security  of  his  hold  on  the  land  is  more 
important  than  the  interests  of  the  indigenous  inhabitants; 
the  London  administrator  is  pledged  to  consider  the  latter 
first.  The  politicai  status  or  Basutoland  guarantees  that 
among  the  conflict  of  interests  which  can  take  little  thought 
for  the  distant  future  both  land  and  people  shall  receive  a 
fair  meed  of  consideration.  They  are  an  indivisible  unit— 
as  is  freely  admitted  in  theory.  It  is  fortunate  that  cir- 
cumstances  should  compel  the  fact  to  be  recognized  in 
practice. 

It  should  be  mentioned  that  hitherto  no  coercion  has 
been  applied  to  force  the  natives  to  conserve  the  soil,  un- 
less  temporary  closures  to  grazing  are  regarded  as  coercion. 
Every  encouragement,  however,  is  given  to  the  adoption 
of  conservation  measures.  Demonstration  of  the  beneficiai 
results  of  soil  conservation  usually  has  a  very  good  educa- 
tive influence  on  the  natives  who  in  some  districts  are 
now  beginning  to  ask  for  contour  banks  and  other  anti- 
erosion  works  to  be  carried  out  on  their  fields.  But  there 
is  stili  an  enormous  inertia  to  be  overcome— an  inertia 
that  is  not  so  much  an  expression  of  indifference  as  a  re- 
action against  a  mode  of  life  foreign  to  native  instincts. 
There  is  little  doubt  that,  given  time,  patience  and  fore- 
sight,  the  native  would  accept  the  dictates  of  modem  agri- 
culture,  but  education  is  not  making  such  rapid  progress 
as  erosion  in  native  reserves. 

Time  is  the  essence  of  the  problem.  In  the  towns  the 
native  has  been  forced  into  the  modem  industriai  mould, 
has  released  himself  thereby  from  the  restraints  of  tribal 
custom  and  has  accepted  a  heavier  yoke  of  servitude.  The 
transf  ormation  of  the  native  into  an  industriai  worker  can- 
not  be  regarded  as  a  social  triumph,  nevertheless  industry 
is  firmly  established  and  prospers  on  what  is  essentially 
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indennired  native  labour.  The  position  of  the  industrialized 
native,  working  f or  a  low  wage  at  unskilled  labour  and  un- 
able  to  rise,  is  not  a  satisfactory  one,  but  only  by  putting 
and  keeping  the  native  in  that  position  could  the  country's 
minerai  wealth  bave  been  exploited  while  its  control  was 
retained  in  European  hands.  Is  it  possible  that  the  Euro- 
pean  can  remain  on,  and  at  the  same  time  preserve,  the 
soil  only  by  imposing  a  similar  enforced  servitude  on  the 
rural  native? 

One  should  not  draw  too  dose  an  analogy  between  the 
state  of  agriculture  and  of  industry.  A  national  industry 
such  as  mining  can  be  built  up  and  reach  its  maximum  de- 
velopment  in  a  few  years  or  decades;  the  evolution  of  agri- 
culture  has,  in  the  past,  always  been  slow  and  graduai, 
since,  unlike  the  development  of  industry,  it  is  a  biological 
process.  Recently  settled  countries  bave  made  what  is  now 
recognized  as  the  cardinal  mistake  of  adopting  many  of  the 
principles  of  a  f  ully  evolved  agriculture.  The  consequences 
bave  probably  been  more  disastrous  in  South  Africa  than 
anywhere  else  and  necessitate  an  immediate  revolution  in 
agriculture,  i.e.  in  the  relations  of  men  to  the  land.  The 
alternative  to  going  back  to  the  beginning  and  reverting 
to  indigenous  native  farming  methods  and  the  complete 
destruction  of  civilization  is  a  rapid,  thorough  and  far- 
sighted  re-organization  of  agriculture  with  soil  conserva- 
tion  as  its  basis.  Such  a  re-organization  might  be  compared 
with  the  nation-wide  emergency  organizations  now  being 
set  up  in  Europe  under  the  threat  of  war.  In  South  Africa 
the  threat  has  become  a  reality  whose  nature  is  known,  but 
both  in  South  Africa  and  Europe  speed,  efficiency  and  f ore- 
sight  are  the  indispensables.  No  European  administration 
dares  band  over  the  organization  of  national  defence  to  the 
lowest  and  least  educated  strata  of  society  or  even  let  them 
bave  a  voice  in  the  matter.  In  South  Africa  the  soil  has 
already  declared  war  on  European  civilization,  and  no  half 
measures  can  be  permitted  in  coping  with  the  situation. 

Neither  speed,  efficiency  nor  foresight,  in  the  common 
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sense  of  the  terms,  is  characteristdc  of  the  South  African 
native.  Hence  his  inability,  apart  from  social  and  politicai 
obstacles,  to  take  any  but  a  subordinate  position  in  indus- 
try.  The  rural  native  has  enjoyed  wider  opportunities  in  a 
milieu  where  he  is  more  at  home  and  where  the  standard 
of  efficiency  necessary  to  maintain  a  free  existence  has 
hitherto  been  relatively  low.  The  milieu  has  changed,  how- 
ever,  and  for  a  time  at  least  the  occupier  of  the  land, 
whether  landlord  or  journeyman,  must  play  his  part  in 
running  a  stereotyped  machine  built  to  repel  the  advanc- 
ing  enemy  soil  erosion.  The  natives  are  indispensable  cogs 
in  the  industriai  machine  but  would  break  the  mechanism 
if  utilized  in  any  higher  capacity.  It  might  theoretically  be 
possible  to  substitute  some  other  type  of  industriai  machine 
with  other  purposes  than  the  present  one,  in  which  the 
natives  could  bave  freer  scope,  but  there  is  little  choice  of 
type  for  the  agricultural  machine  which  must  forthwith 
be  devised  for  the  purpose  of  saving  the  soil.  We  can  only 
visualize  the  broad  outlines  of  this  machine  in  the  phrase 
controlied  veld  management,  but  what  chance  of  freedom 
has  the  native— or  even  the  illiterate  white— where  endur- 
ing  submission  to  a  harsh  environment  that  is  being  trans- 
formed  into  a  safe  abode  for  the  fittest  and  most  efficient 
of  the  dominant  race  is  the  strict  order  of  the  day?  In  his 
life-and-death  struggle  with  Nature,  the  white  man  can- 
not  show  much  consideration  towards  underlings. 

To  control  the  veld  by  such  straightforward  means  as 
restricting  or  forbidding  grazing  and  cultivation,  reducing 
livestock  numbers,  ridge-terracing,  protecting  watershed 
areas,  etc,  involves  the  strictest  supervision  of  ali  land  use 
so  that  no  occupier,  by  neglecting  his  primary  duty  to  the 
soil,  shall  steal  a  march  on  his  neighbours.  In  the  initial 
stages  of  executing  a  soil-conservation  pian  restrictions 
causing  serious  loss  of  freedom  need  not  be  imposed,  and 
if  the  pian  could  evolve  gradually  towards  its  later  stages 
subsequent  restrictive  measures  would  be  mollified  and 
would  be  accepted  as  naturai  by  the  people.  But  when  the 
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pian  has  to  be  carried  through  at  revolutionary  speed, 
there  is  no  time  for  humanity  to  ad  just  itself  leisurely  to 
the  new  conditions;  white  and  black  cannot  be  left  to  find 
their  relative  social  and  economie  levels  by  developing 
along  their  own  lines.  The  crying  need  of  the  rural  natives 
is  not  for  money  or  position  but  for  land,  and  always 
more  land  as  their  numbers  increase  and  the  fertility  of 
their  present  over-populated  areas  falls.  The  natives'  land 
hunger  strikes  at  the  root  of  the  soil-conservation  prob- 
lem.  It  must  be  satisfied,  and  every  cession  of  land  means  a 
diminution  of  European  influence  over  the  country,  un- 
less,  of  course,  the  natives  occupy  their  land  under  the 
strictest  European  surveillance,  which  is  not  likely  to  be 
given  altruistically. 

We  imagine  that  something  like  this  will  happen.  The 
natives  will  get  more  land,  but  the  ruUng  whites  will  in- 
sist  on  exercising  an  increasing  degree  of  control  over  its 
use,  partly  to  retain  their  hold  on  the  country  and  partly 
to  ensure  that  the  soil  does  not  go  the  same  vi^ay  as  in  the 
now  erode  d  reserves  by  the  general  or  individuai  adoption 
of  farming  practices  other  than  those  decreed  by  Nature  as 
necessary  for  the  security  of  a  white  civilization.  In  par- 
ticular  the  vital  watershed  areas  formerly  relegated  to  the 
natives  as  unfit  for  European  occupation  must  revert  in 
large  measure  to  the  dominion  of  forest  and  grass  under 
European  protection,  while  the  displaced  natives  must  be 
found  new  land  elsewhere.  Were  the  safety  of  the  land 
alone  in  the  balance,  the  ideal  distribution  might  be  to 
allot  the  valley  lands  to  the  natives  where  lack  of  skill 
could  spread  least  harm,  and  entrust  the  difEcult  key  slopes 
and  mountain  tops  to  the  scientific  management  of  Euro- 
peans.  If  black  and  white  are  to  work  out  their  separate 
destinies  side  by  side  Nature  in  the  end  will  determine  the 
distribution  of  colour  and  any  resistance  to  her  ordering 
will  be  met  by  destruction  of  the  land. 

The  solution  of  this  f  undamental  problem  of  land  tenute 
by  natives  and  Europeans  is  bound  to  be  harsh,  because  it 
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involves  the  immediate  repayment  of  an  immense  capital 
debt  to  the  land.  So  long  as  the  natives  are  restricted  as  re- 
gards  the  areas  they  can  occupy,  it  will  be  almost  impos- 
sible  to  prevent  overstocking  and  exploitative  cultivation 
— at  least  in  the  all-important  immediate  future.  The  most 
up-to-date  methods  of  soil  conservation  cannot  restore  fer- 
tility  quickly  enough  to  break  the  vicious  circle  of  over- 
stocking—soil  erosion— land  hunger— overstocking.  Gen- 
eral Smuts  believes  that  'there  is  only  one  solution,  and 
that  is  the  educatìon  of  public  opinion'.  And  there  are  mil- 
lions  of  natives  to  be  'educated'  to  an  entirely  new  outlook 
by  a  handful  of  administrators  whose  other  duties  are 
manifold.  The  vicious  circle  will  probably  be  broken 
forcibly  at  its  most  vulnerable  point— land  hunger.  The 
natives  might  occupy  the  entire  country  in  order  to  pre- 
vent the  destruction  that  follows  their  confinement  to 
limited  areas,  but  the  soil  is  demonstrably  poorer  than  it 
was  when  it  just  supported  in  safety  a  smaller  nomadic 
population  at  a  lower  level  of  existence.  The  days  of 
nomadism  and  trekking  have  gone  for  both  black  and 
white,  and  what  the  land  now  demands  from  its  cultivators 
is  a  settled  mode  of  life  with  the  cultivator  a  fìxed  part  of 
the  comity  of  animals,  plants  and  soil  that  comprise  the 
permanent  equilibrium  known  as  fertile  land.  Without  real 
settlement  of  the  human  population  that  equilibrium  can- 
not be  attained.  Whoever  holds  the  land  must  hold  it 
securely  and  work  it  for  the  future,  else  it  will  disappear 
from  beneath  his  feet.  The  more  land  there  is  at  the  dis- 
posai of  the  natives  the  less  likely  are  these  innately 
nomadic  races  to  adopt  a  settled  existence  and  to  work 
the  land  conservatively.  The  less  land  they  have  the  more 
certainly  will  it  erode  under  their  care;  it  is  indisputable 
that  erosion  of  native  land  cannot  be  stopped  by  any  means 
unless  the  existing  reserves  are  greatly  enlarged. 

Shortage  of  water  sets  a  low  upper  hmit  to  the  density  of 
population  in  South  Africa.  It  is  at  present  out  of  the  ques- 
tion  that  the  best  watered  parts,  which  could  support  the 
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densest  population,  should  be  reserved  for  native  occupa- 
tion,  but  in  the  end  the  naturai  factors  of  soil  femlity  and 
water  supply  must  determine  the  numerical  distribution  of 
the  population,  regardless  of  colour.  Nature  will  break 
down— is,  indeed,  already  breaking  down— the  boundaries 
of  reserves  demarcated  with  a  view  to  founding  a  separate 
European  civilization,  and  European  civilization  would 
certainly  break  down  those  boundaries  which  Nature 
might  bave  tolerated.  The  appalling  erosion  in  native  re- 
serves has  demonstrated  the  impracticability,  under  the 
prevailing  naturai  conditions,  of  racial  segregation.  It  will, 
however,  require  a  good  deal  more  erosion  yet  before  that 
fact  is  recognized  politically. 

The  alternative  to  racial  segregation  and  the  allocation 
of  specifìc  areas  to  each  race— assuming  that  European  in- 
fluence  is  to  remain  dominant  without  ruining  the  country 
biologically— would  appear  to  be  the  development  of  some 
system  of  land  tenure  whereby  absolute  control  of  ali  the 
land  is  vested  in  that  class  (of  the  dominant  race)  which 
shows  itself  capable  of  organizing  for  the  perpetuation  of 
conservative  land  utilization,  and  of  appreciating  that  its 
individuai  and  class  interests  are  bound  up  with  the  future 
security  of  the  soil.  Appreciation  of  this  fact  grows  as 
erosion  proceeds.  The  politicai  strength  of  the  class  grows 
also,  but  it  will  remain  a  small  proportion  of  the  European, 
and  an  infinitesimal  proportion  of  the  total  population. 
Land  under  the  control  of  thoughtless  or  impotent  indi- 
viduai will  always  be  a  potentially  festering  sore  in  the 
body  politic. 

With  ali  South  African  land  dominated  by  such  a  small 
and  select  class,  erosion  control,  in  the  mutuai  interests  of 
the  class  and  the  land,  would  be  a  perfectly  feasible  and 
straightforward  task.  We  do  not  suggest  that  such  a  state 
of  aff  airs  would  be  socially  the  most  desirable  or  that  it  is  at 
present  attainable,  but  it  may  be  the  only  alternative  to 
letting  erosion  complete  its  destructive  work  and  make 
South   Africa  unfarmable.   Its   attainment  would  be   a 


VANISHING  LANDS 

graduai  process,  as  the  recuperation  of  the  land  must  also 
be.  South  Africa  would  be  possessed  by  a  few  powerful 
European  landowners  holding  their  land  from  the  State  on 
condition  that  they  maintained  or  increased  its  fertility. 
The  ideal  complete  landholding  would  be  a  river  catch- 
ment  basin  or  other  naturai  geographical  unit.  The  excep- 
tional  susceptibility  of  the  soil  to  deterioration  under  im- 
proper  management  allows  Httle  latitude  in  the  treatment 
to  which  it  may  be  subjected,  and  whatever  may  be  the 
reasons,  it  is  a  f  act  that  under  the  present  conditions  of  land 
tenute  it  is  often  impossible  to  secure  adequate  co-ordina- 
tion  between  landholders  occupying  separate  parts  of  a 
naturai  land  unit. 

In  this  imaginary  picture  of  the  not  very  distant  future 
we  can  discern  the  embryo  from  which  a  feudal  type  of 
society  might  develop.  Probably  the  South  African  feudal- 
ism  would  resemble  the  medieval  type  more  closely  than 
the  feudalism  we  have  envisaged  for  tropical  Africa.  The 
natives'  demand  for  land  could  be  satisfied,  in  so  far  as 
was  possible  under  the  prevaihng  conditions  of  soil, 
climate  and  European  supremacy,  by  allowing  them  to 
hold  land  from  a  white  overlord  on  condition  that  they 
worked  the  land  to  its  own  and  their  lord's  advantage.  No 
system  of  free  tenancy  would  be  permissible,  for  liberty  to 
dispose  of  land  puts  a  premium  on  soil  exploitation  which, 
once  started,  is  extraordinarily  difficult  to  check,  as  present 
conditions  clearly  indicate.  The  tenant  must  be  tied  to  the 
land  to  perform  his  immutable  duties  of  soil  restoration 
and  conservation  as  faithfully  and  as  surely  as  the  animals 
and  plants  perform  theirs.  The  South  African  native  faces 
a  period  of  serf dom  as  the  price  he  must  pay  for  his  share 
in  the  benefits  of  a  distant  civilization. 

It  is  unhkely  that  non-landowning  whites  will  submit  to 
the  same  level  of  servitude  as  the  natives,  indeed  it  is  diffi- 
cult to  see  what  position  they  could  occupy  in  the  South 
African  countryside  except  to  a  limited  extent  as  over- 
seers.  Professor  Leppan's  contention  that  a  white  peasantry 
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is  undesirable  is  valid  in  the  sense  that  a  white  peasantry  is 
unsuited  to  the  country,  at  least  until  the  soil  has  been 
stabilized  and  has  finally  accepted  man's  dominion.  The 
attractions  of  settlement  in  South  Africa  will  wane  as 
existence  comes  to  depend  more  and  more  upon  the  wealth 
of  its  exhausted  soil.  The  urban  white  population  now 
occupied  in  mining,  if  it  cannot  be  absorbed  in  new  indus- 
tries  as  mining  declines,  is  more  likely  to  disappear  by  ex- 
tinction  or  emigration  than  to  attempt  permanent  settle- 
ment on  land  where  only  the  born  farmer  can  hope  to  sur- 
vive.  The  white  people  should  increase  in  power,  but  de- 
crease  in  numbers;  the  opposite  fate  awaits  the  black  people. 
Only  thus  can  Nature's  harsh  harmony,  so  rudely  shat- 
tered  by  the  advent  of  civilization,  be  restored. 
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T 


HE  RESPiTE  which,  with  the  advent  of  the  machine  age, 
a  large  part  of  the  civiKzed  world  gained  from  its  arduous 
primary  duty  of  cultivating  the  soil  has  been  purchased 
at  great  cost.  Machines  offered  to  men  new  lives,  at  once 
more  lucrative  and  physically  less  tiring  than  agriculture, 
and  started  the  drift  from  country  to  towns  that  has  con- 
tinued  with  accelerating  momentum  to  the  present  time. 
As  the  countryside  became  depleted,  machines  in  the 
towns  intensified  the  demands  made  on  the  land;  machines 
on  the  railways,  roads  and  seas  enabled  the  increased  de- 
mands to  be  satisfied  without  difficulty;  machines  on  the 
land  took  the  place  of  men  as  cultivators.  This  accelerating 
mass  production  from  the  land  has  loosened,  and  in  many 
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cases  severed,  the  biological  link  between  the  cultivator 
and  the  soil.  Formerly,  not  only  the  agricultural  majority 
but  also  the  urban  minority  had  a  vital  interest  in  each 
year's  harvest;  to-day  the  townsman  is  virtually  unaffected 
by  what  happens  on  the  land.  If  dust  storms  ruin  the  North 
American  wheat  crop,  the  Londoner  gets  his  bread  from  a 
surplus  produced  elsewhere  or  accumulated  from  previous 
years.  If  the  English  fruit  crop  fails,  imports  increase  and 
neither  the  price  nor  supply  of  fruit  is  perceptibly  affected. 
The  townsman  takes  at  best  a  dilettante's  interest  in  the 
land;  the  delicate  balance  of  Nature  upon  which  the 
stability  of  civilization  depends  can  bave  no  meaning  to 
him  because  he  has  completely  conquered  and  divorced 
himself  from  Nature  within  the  ordinary  orbit  of  his 
existence.  This  becomes  a  serious  matter  when  more  than 
half  the  civilized  world  Hves  in  towns.  One  result  has  been 
soil  erosi  on  insidiously  creeping  over  the  world,  and  finally 
and  inevitably  forcing  itself  upon  the  townsman's  atten- 
tion. 

Over  much  of  the  world  the  countryman  also  has  lost 
hving  contact  with  the  soil,  and  where  he  has  lost  contact 
erosion  has  been  most  severe.  In  some  parts,  notably  in 
Africa,  men  and  soil  bave  never  formed  a  true  biological 
unit,  but  until  recently  men  in  Africa  did  not  even  claim  to 
be  civilized,  and  the  dominant  plant  communities  pre- 
served  intact  the  fertility  and  stability  of  the  soil.  Men 
were  helpless  creatures,  permitted  on  suff erance  to  scratch 
a  living  from  the  earth,  but  not  to  rule  it.  In  modem 
Africa  and  wherever  else  erosion  has  occurred  it  is  found 
almost  without  exception  that  the  agriculturist's  main  ob- 
ject  is  to  live  off  rather  than  on  the  land,  to  bleed  his  soil 
for  the  sake  of  distant  towns,  and  himself  to  be  maintained 
and  enriched  by  their  produce.  Farming  has  become  an  in- 
dustry  and  irreplaceable  soil  fertility  an  industriai  com- 
modity  to  be  bought  and  sold  and  transported  to  the  ends 
of  the  earth  as  easily  as  any  other  commodity. 

It  is  only  naturai  that  trade  in  soil  fertility  should  bave 
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been  towards  the  great  centres  of  populations  and  away 
from  the  newly  settled  regions  which  had  more  than 
enough  to  satisfy  the  immediate  needs  of  the  people.  The 
paradoxical  situation  has  thus  arisen  that  some  of  the  most 
densely  populated,  the  longest  and  most  intensively  cuM- 
vated  lands  find  themselves  with  enormous  reserves  of  un- 
tapped  fertility,  whereas  in  the  new  countries,  only  a  few 
decades  after  their  settlement,  hundreds  of  millions  of 
once  rich  acres  have  had  to  be  abandoned  to  the  desert,  and 
men  scarcely  dare  break  stili  virgin  land  lest  a  similar  fate 
shortly  overtake  it.  Notwithstanding  the  huge  individuai 
yields  that  are  obtainable  with  improved  varieties,  ferti- 
lizers  and  mechanization,  average  crop  yields  are  falling. 
Notwithstanding  ali  the  drugs  and  medicines  of  modem 
science,  the  New  World  shows  signs  of  growing  prema- 
turely  senile.  The  Old  World  has  sucked  the  life  blood 
which  the  New  World  has  gladly  given  and  with  equal 
willingness  would  stili  give— if  it  could. 

It  must  be  admitted  that  applied  science  has  been  the 
prime  cause  of  the  dangerous  state  of  exhaustion  in  which 
many  new  countries  find  themselves  to-day.  Science  made 
the  free  interchange  of  goods  possible  throughout  the 
world;  it  also  found  less  laborious  and  more  efficient  ways 
of  producing  bread  than  by  the  sweat  of  the  brow.  Culti- 
vation  of  the  soil  became  a  means  to  wealth  instead  of  a 
mode  of  life.  The  more  that  could  be  got  out  of  the  soil 
and  the  less  that  had  to  be  put  back,  the  better  for  the 
cultivator.  Europe  off ered  an  insatiable  market  for  ali  that 
the  soil  could  be  made  to  produce,  and  science  increased 
the  soil's  production  at  the  expense  of  its  fertility.  Within 
the  space  of  a  century,  half  the  world  gained  the  blessings 
of  civilization,  and  paid  for  them  mainly  with  its  soil. 
Never  before  had  the  wealth  of  the  soil  been  so  easily  ex- 
tracted.  The  New  World  acquired  in  a  few  years  the 
fruits  of  the  Old  World's  thousand-year  struggle  with 
Nature.  The  cost  must  be  counted  in  failing  harvests, 
spreading  deserts,  droughts,  dust  storms,  floods,  poverty 
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and  widespread  social  unrest  on  the  land,  where  most  revo- 
lutions  start. 

The  highly  profitable  despoliation  of  the  Earth  in  the 
nineteenth  century  brought  an  enormous  increase  of 
wealth  in  which  ali  parts  of  the  world  shared.  The  boom 
and  slump  which  followed  the  World  War  greatly  ac- 
celerated  the  pace  at  which  the  Earth  was  being  destroyed, 
high  prices  encouraging  excessive  exploitation  of  the  land, 
low  prices  (coinciding  with  a  period  of  almost  universa! 
drought)  then  intensifying  the  exploitation  of  already  ex- 
hausted  soils  in  futile  efforts  to  make  both  ends  meet.  So 
long  as  the  land  yielded  fat  profits,  the  restrictive  measures 
which  were  already  recognized  as  necessary  if  the  soil 
were  to  be  saved  had  no  chance  of  being  applied.  When  the 
slump  impinged  upon  a  nationalistic  world,  the  land  cul- 
tivator  soon  found  that  he  could  not  recoup  himself  for 
falling  prices  by  increasing  production.  The  impoverished 
lords  of  the  earth  were  compelled  to  forgo  the  measures 
which  could  so  easily  have  enriched  them  again,  to  bribe 
each  other  not  to  produce  more  than  necessary,  and  by 
devious  means  contrary  to  reason  and  self -interest  to  give 
the  dirt  beneath  their  f  eet  a  chance  to  recuperate. 

Irresistible  politicai  and  economie  trends  which  are  pro- 
foundly  disturbing  the  harmony  of  nations  have  begun  to 
exert  their  influence  to  redress  the  balance  of  soil  fertility 
throughout  the  civiHzed  world.  There  are  no  insuperable 
technical  difficulties  in  feeding  the  crowded  parts  of  the 
earth  with  the  abundant  produce  of  the  thinly  populated 
parts.  That  would  be  much  simpler  and  more  profitable 
than  transplanting  the  people  to  where  their  food  is  grown 
(but  where  usually  there  is  insufficient  water  to  maintain 
a  large  population) ,  or  than  straining  at  great  cost  the  soil 
resources  of  the  densely  populated  countries  in  attempts 
to  attain  self-sufficiency.  Yet  of  these  altematives  for  en- 
suring  the  primary  needs  of  mankind,  the  first  and  simplest 
is  demonstrably  ruled  out;  the  industriai  countries  will  not 
receive  the  produce  which  the  agricultural  countries  would 
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gladly  sell  them.  Against  their  own  interests  the  peoples  of 
the  Old  World  are  ref  using  to  consummate  the  rape  of  the 
earth.  If  peace  among  ali  nations  had  been  assured,  if  the 
League  of  Nations  had  fulfiUed  its  purpose,  soil  erosion  to- 
day  might  have  become  an  uncontroUable  force  driving  the 
whole  world  headlong  towards  starvation.  So  long  as  soil 
fertility  could  have  been  converted  freely  into  money  (the 
reverse  is  much  more  difficult) ,  the  process  of  soil  exhaus- 
tion  would  have  continued  at  accelerating  speed;  nothing 
less  than  a  universal  terror  of  war  could  stop  it.  The  war 
clouds  gathering  over  the  Old  World  are  checking  the 
march  of  the  deserts  through  the  New,  but  if  they  passed 
away,  or  if  the  nations  could  once  more  trade  with  each 
other  without  let  or  hindrance,  ali  the  well-laid  plans  for 
rebuilding  the  exhausted  earth  would  be  shelved  and  for- 
gotten  overnight.  The  immediate  causes  of  economie 
nationahsm  and  soil  erosion  appear  to  be  unrelated,  but  the 
former  scourge  is  quite  definitely  helping  to  cure  the 
world  of  the  latter. 

The  present  period  of  intense  nationalism  is  only  the 
first  phase  of  the  process  of  building  up  a  new  symbiotic 
relationship  between  civilization  and  the  land.  Nationalism 
scarcely  affects  the  tropics  in  this  respect;  it  puts  a  cumu- 
lative strain  on  both  the  peoples  and  the  soils  of  humid, 
industriahzed  countries,  and  it  is  gradually  but  surely 
checking  the  continuous  drain  on  the  fertility  of  the 
sparsely  settled  continental  plains.  If  and  when  the  plains 
have  been  stabilized  by  the  evolution  of  a  conservative 
agriculture  appropriate  to  a  semi-arid  or  sub-humid  en- 
vironment  the  world  may  safely  indulge  in  a  more  gen- 
erous  economy.  When  that  time  comes,  the  ground  will 
have  been  prepared  for  the  next  phase  in  the  re-conquest 
of  Nature.  The  strain  on  the  resources  of  the  densely  popu- 
lated  countries,  striving  under  the  whip  of  nationalism 
towards  self-sufficiency,  will  become  intolerable  and  we 
can  foresee  a  great  migratory  movement  from  the  worn- 
out  moist,  to  the  renovated  dry  lands— or  alternatively  a 
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naturai  decrease  of  population  in  the  one  and  a  naturai  in- 
crease  in  the  other.  If  the  plains  can  leam  to  check  the 
drain  on  their  fertility  they  should  in  time  be  able  to  re- 
verse  the  process  completely  and  raise  their  productivity 
and  population  capacity  to  undreamed-of  heights.  It  has 
been  done  in  the  forests  of  Europe;  it  can  be  done  in  the 
plains  of  America  and  Russia. 

Thus  the  balance  of  soil  fertility —which  is  the  balance  of 
ali  life  on  the  land— may  be  redressed.  The  Old  World 
cannot  give  back  the  fertility  it  has  taken  from  the  New, 
but  it  is  being  compelled  to  Uve  on  its  husbanded  resources 
until  such  time  as  the  New  World  is  restored  to  vitality 
and  can  take  over  and  revive  the  flickering  torch  of  civi- 
lization.  No  longer  will  soil  fertility  be  traded  across  the 
seas  for  civilization;  civilization  will  migrate  to  build  up 
soil  fertility,  for  a  stable  civilization  enriches  the  earth 
where  it  flourishes  to  a  far  greater  extent  than  wild  Nature 
can.  But  the  soil  demands  for  its  security  a  dense  and  settled 
cover  of  humanity  to  replace  the  plants  which  men  de- 
stroy.  A  perennial  plant  cover  protects  the  soil  better  than 
an  annual,  which  is  apt  not  to  be  there  when  it  is  needed. 
A  farmer  tied  to  his  land  by  necessity  or  affection  keeps 
a  better  guard  over  the  soil  than  the  flitting  tenant.  The 
denser  the  plants  grow,  the  keener  and  more  merciless  the 
struggle  for  existence  between  them,  the  less  power  bave 
wind  and  water  to  tear  away  the  soil  beneath.  The  half- 
starved  peasants  of  Japan  know  better  how  to  preserve 
their  soils  than  do  the  great  landowners  of  America  and 
Australia. 

A  dense  population  up  to  the  limit  which  the  land  can 
support  is,  indeed,  the  best  insurance  against  the  forces 
causing  erosion.  Apparent  exceptions  to  this  statement 
are  found  in  old  countries  like  China  and  India  and  in 
overcrowded  African  native  reserves.  China  and  India, 
however,  are  ageing  naturally.  Their  soils  are  becoming 
wom  out  through  long  use  and  the  erosion  that  has  been 
proceeding  for  centuries  (though  recently  accelerated  by 
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the  intervention  of  industrialism)  illustrates  the  inevitable 
mortality  of  civilization  as  it  has  been  illustrated  in  Persia, 
Mesopotamia  and  round  the  Mediterranean  shores.  The 
African  reserves  are  eroding  because  a  confined  people  is 
stili  continuing  the  practices  of  nomadism. 

On  the  other  band,  Japan  and  Java,  two  islands  with 
highly  erosive  topography  and  climate,  supporting  500  and 
680  people  respectively  to  the  square  mile,  bave  got  ero- 
sion  under  as  complete  control  as  has  been  achieved  any- 
where  in  the  world.  In  neither  country  has  the  threat  of 
erosion  come  suddenly.  Both  bave  evolved  appropriate 
farming  systems  to  deal  with  the  menace  as  it  arose.  The 
densities  of  their  populations  give  every  acre  of  land  a 
national  value  that  may  be  out  of  ali  proportion  to  its 
money-earning  power.  The  closely  packed  and  immovable 
people  are  compelled  at  ali  costs  to  conserve  their  soil. 
'Conservation'  farming  comes  as  naturally  to  them  as,  say, 
mixed  farming  to  Western  European  peoples;  they  see 
nothing  unusual  or  out-of-the-way  in  taking  the  necessary 
measures  to  keep  the  soil  in  its  place.  They  bave  to  face  the 
possibility  that  economically  more  efficient  methods  may 
make  inroads  into  their  national  farming  systems,  but  so 
long  as  the  populations  remain  high,  adequate  protective 
measures  against  soil  exploitation  are  certain  to  be  taken. 
Uncontrolled  erosion  would  inilict  immediate  disaster  on 
the  people. 

Since  the  end  of  the  nineteenth  century  forest  protec- 
tion  has  been  legally  enforced  throughout  the  Japanese 
Empire  and  an  appreciable  part  of  the  national  revenue  is 
allocated  to  erosion-control  works.  Were  Japan  to  find 
outlets  f  or  ber  surplus  population  overseas,  erosion  control 
might  be  relaxed  in  favour  of  a  more  profitable  and  ex- 
ploitative  type  of  land  utilization.  The  land  would  suifer 
— ultimately;  the  people  would  benefit,  at  least  temporarily. 
Circumstances  can  force  a  people  to  pay  an  exorbitant 
price  for  soil  protection. 

The  Dutch  administration  in  Java  has  carefuUy  pre- 
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served  and  encouraged  native  anti-erosion  agriculture,  and 
the  same  principles 'are  applied  to  European-controUed 
estates.  There  are  no  social  barriers  between  European 
and  native  in  Java.  The  primary  object  of  agriculture  is  to 
feed  the  people;  the  food  supply  of  the  community  as  a 
whole  must  be  maintained  on  a  permanent  and  secure  basis 
before  rubber,  tobacco,  coffee,  etc.  can  be  produced  for 
export.  One  can  speculate  on  the  extent  to  which  a  colour 
bar  might  have  washed  the  mountain  soils  of  Java  into  the 
sea. 

The  newer  countries  are  most  seriously  afflicted  with 
erosion  where  their  populations  are  thinnest  because  smali 
populations  are  found  where  the  water  supply  is  scarce  or 
erratic,  and  where  the  adopted  agriculture  of  more  humid 
regions  is  most  inappropriate  to  the  naturai  environment. 
The  climatic  conditions  most  conducive  to  erosion  are 
those  most  inimicai  to  dense  settlement. 

Nevertheless,  denser  settlement  than  is  at  present  pos- 
sible  in  semi-arid  regions  is  perhaps  the  most  certain 
prophylactic  against  continuing  or  recurrent  erosion.  The 
more  men  there  are  settled  to  the  square  mile,  the  greater 
is  their  potential  mastery  over  the  soil  and— a  more  practi- 
cal  point— the  more  intensive  is  their  agriculture.  Semi- 
arid  soils  in  the  virgin  state  contain  immense  reserves  of 
fertility  which  one  man  with  a  machine  can  exploit  as  well 
as  twenty  men  without  a  machine.  One  man  and  his 
machine  can  extract  from  the  soil  enough  food  for  twenty 
men,  and  nineteen-twentieths  of  the  produce  can  be  sold 
off  the  farm.  The  farmers  of  semi-arid  lands  have  been 
the  greatest  exporters  of  soil  fertility.  They  have  gone  on 
exporting  it  without  putting  anything  back  until  in  many 
places  only  the  one-twentieth  necessary  to  supporr  the 
farmer  has  remained.  But  long  before  that  happens  the  soil 
may  lose  its  stability  and  the  last  fìve-  or  ten-twentieths 
of  soil  fertility  vanish  in  a  cloud  of  dust. 

How  is  one  to  stop  the  wholesale  plunder  by  the  cities  of 
the  chemical  fertility  and  physical  structure  which  pre- 
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serve  these  soils  from  wind  and  water  erosion?  The 
measure  frequently  recommended  and  already  adopted  in 
places  is  temporarily  or  permanently  to  retire  the  ex- 
hausted  and  'sub-marginal'  lands  from  cultivation  and 
throw  the  burden  of  feeding  the  cities  on  to  other  areas. 
An  alternative  measure  would  be  to  bring  the  city  people 
on  to  the  tjiirsty  land,  to  consume  there  the  food  that  they 
produce,  and  to  enrich  the  soil  with  their  labour  and  lives. 
An  ideal  that  is  not  easily  realizable,  for  though  one  can 
retire  land  from  cultivation  w^ith  a  stroke  of  a  legislator's 
pen,  one  cannot  force  or  induce  a  multitude  to  settle  in  the 
desert,  where  it  would  be  destined  to  die  of  thirst.  The 
supply  of  water,  of  course,  sets  the  limit  to  settlement  in 
semi-arid  land. 

Similarly,  shortage  of  water,  for  how  many  thousands  of 
years  we  do  not  know,  checked  the  development  of  em- 
bryonic  civilization  on  the  fringes  of  the  Asiatic  deserts. 
There  must  bave  been  innumerable  unrecorded  attempts 
to  cultivate  the  desert  fringe  by  primitive  dry-farming 
methods,  but  most  attempts  would  be  frustrated  by  the 
wind  blowing  away  the  cultivated  soil  and  by  the  slow  en- 
croachment  of  the  desert.  Perhaps  some  dry-farming  meth- 
ods were  successful  enough  to  allow  primitive,  half- 
savage  communities  to  bang  on  until  in  the  course  of  ages 
they  evolved  the  principles  of  irrigation  engineering  and 
produced  the  phenomenon  of  civilization.  We  can  imagine 
the  frequent  retreats  from  the  desert  to  the  humid  river 
bank  and  the  final  triumphant  advance  as  the  river  was 
brought  under  control  and  its  waters  diverted  at  will  over 
the  fields. 

We  can  now  observe  an  analogous  retreat  from  semi- 
arid  to  moister  regions.  On  the  whole,  men  can  maintain 
the  positions  they  bave  established  in  really  arid  country 
because  the  art  of  irrigation,  acquired  thousands  of  years 
ago,  has  not  been  forgotten.  It  is,  however,  stili  beyond 
human  capacity  to  irrigate  the  vast,  semi-arid  Continental 
plains  which  bave  become  the  granaries  feeding  the  world's 
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industries.  The  granaries  are  being  destroyed  because  they 
have  not  enough  water  for  the  task  they  have  been  called 
upon  to  perf  orm,  and  the  only  type  of  agriculture,  except 
by  irrigation,  that  mankind  has  mastered  is  suited  to  a 
humid  forest  environment.  Industriai  regions  are  being 
forced  by  a  combination  of  poUtical  and  economie  circum- 
stances  to  rely  more  upon  their  own  agricultural  resources, 
but  the  process  of  contraction  which  this  involves  cannot 
continue  indefinitely.  The  semi-arid  plains  are  the  next 
field  which  an  expanding  civilization  wiil  conquer.  To- 
day's  retreat  will  be  followed  by  a  carefully  planned  attack 
when  more  experience  of  the  adversary's  tactics  has  been 
gained. 

Fertile  grassy  plains  occur  in  every  continent.  Civilized 
man  has  invaded  them  ali,  but  they  are  not  ali  destined  to 
bear  mature  civilizations.  At  present  the  fickle  fortunes  of 
the  battle  favour  Man  in  some  and  Nature  in  others.  South 
America  is  in  the  advancing,  pioneering  stage.  The  cream 
of  fertility  is  fast  being  extracted  from  the  Argentine 
pampas,  but  erosion  causes  little  concem  except  to  the  far- 
sighted.  North  America  is  in  retreat  after  a  phenomenally 
rapid  advance,  but  is  laying  careful  plans  for  a  steady, 
though  undramatic  counter-attack.  In  the  humiliation  of 
defeat  North  America  has  learnt  to  respect  the  mettle  of 
her  adversary.  Australia,  isolated  and  thirsty,  is  also  in  re- 
treat. South  Africa  is  marking  time,  her  unique  racial  diffi- 
culties  bar  retreat,  and  advance  is  impossible.  Russia  has 
formulated  a  stupendous  pian  for  overcoming  once  and  for 
ali  the  social  limitations  impose  d  by  insufficient  rainfall  on 
her  fertile  steppes. 

The  Russian  pian  is  magnificent  in  conception,  but  it  re- 
mains  to  be  seen  whether  it  can  or  will  be  carried  out.  It 
consists  in  bringing  the  principal  rivers  and  water  re- 
sources  of  the  Soviet  Union  into  one  interlocking  system 
under  complete  human  control.  By  means  of  locks,  bar- 
rages  and  canals  it  is  proposed  to  Hnk  together  the  north- 
flowing  and  south-flowing  river  systems  as  well  as  the  sepa- 
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rate  rivers  in  each  system.  Similarly  the  east-flowing  and 
west-flowing  systems  of  the  Ural  watershed  are  to  be 
united.  If  water  which  is  required  to  fertilize  and  populate 
the  steppes,  to  be  converted  into  power,  to  be  utilized  for 
navigation  or  to  check  the  advancing  desert  is  being  wasted 
in  the  wilderness  of  the  northern  swamps,  a  tum  of  a  key 
or  the  opening  of  a  sluice  will  bring  it  to  its  proper  place. 
Flood  and  drought  will  be  discipUnary  measures  which 
Man,  and  not  Nature,  will  exercise  on  those  who  do  not 
toe  the  line. 

When  men  are  able  to  break  down  or  circumvent  the 
barriers  which  separate  the  wet  from  the  dry  lands,  drought 
will  lose  its  terrors  and  a  limitless  new  field  for  human 
achievement  will  be  opened  up  on  the  semi-arid  plains. 

The  technical  and  administrative  problems  presented  by 
such  a  scheme  are  immense.  They  were  considered  by  a 
plenary  meeting  of  the  Academy  of  Sciences  in  1933, 
since  when  very  few  details  of  progress  bave  been  available 
outside  Russia.  The  main  scheme  was  to  be  completed  in 
the  f ourth  five-year  pian,  but  if  it  were  successful  it  would 
make  little  difference,  in  the  perspective  of  history, 
whether  it  were  finished  after  f our  or  f orty  five-year  plans. 
It  would  open  a  new  chapter  in  human  history  which 
would  not  be  closed  for  thousands  of  years. 

The  greatest  obstacles  to  the  accomplishment  of  this  feat 
are  not  technical,  but  biological.  The  scientists  assembled  at 
Moscow  took  into  account  not  only  the  water  require- 
ments  of  f arms  and  f armers,  of  power  stations,  of  industries 
and  of  navigation  but  also  the  effects  of  their  controlied 
water  regime  on  the  level  of  the  Caspian  Sea,  on  the  lives 
of  fishes  and  on  the  distribution  of  insects.  They  appear 
to  bave  overlooked  (perhaps  purposely)  the  incalculable 
effects  on  human  ecology.  Will  the  Utopia  they  bave 
planned  for  crops,  cattle,  birds,  fishes  and  insects  as  the 
servants  of  men  be  habitable  by  the  masters— by  the  *col- 
lective  men'  for  whom  it  is  ali  being  done?  We  do  not 
know  what  type  of  social  organization  befits  an  artificially 
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watered  community  on  a  vast  Continental  plain.  It  may  be 
the  modem  Russian  type,  but  more  probably  it  will  bave 
to  evolve  slowly  and  painfuUy  to  an  unknown  maturity, 
and  until  it  has  evolved,  the  triumphs  of  the  water  engi- 
neer  wiU  remain  hollow.  The  Russians  bave  planned  to 
complete  outright  the  conquest  of  the  semi-arid  plains  in 
the  only  way  imaginable,  short  of  making  rain,  but  they 
bave  not  accompHshed  it.  Their  powerful  adversary  may 
tbrow  them  back  in  disorder  if  they  advance  too  rapidly. 
They  bave  missed  the  salutary  but  harrowing  experience 
of  a  fully  fledged  capitaHsm  operating  freely  over  their 
fertile  steppes. 

The  Russian  pian  will  not  come  to  fruition  this  century; 
perhaps  it  will  not  even  be  attempted  as  a  whole  but  only 
in  isolated  parts,  Hke  the  Volga-Don  canal.  It  is  a  dream 
which  at  some  distant  date  may  be  realized  when  likewise 
the  rivers  and  lakes  of  Northern  Canada  may  contribute 
their  quota  of  water  to  the  parched  fields  of  the  Dust 
Bowl  and  the  Congo  and  Zambesi  bring  new  life  to  East 
and  South  Africa.  Plenty  of  water  falls  on  the  earth,  but  it 
does  not  fall  on  the  new  and  promising  fields  of  human 
endeavour  in  sufficient  quantities  or  at  the  right  times  to 
provide  both  the  primary  needs  of  civilization  and  a  pro- 
tective  cover  f  or  the  soil.  The  present  civilization  has  desic- 
cated  the  forests;  the  next  will  moisten  the  grasslands.  We 
can  only  guess  how  that  triumph  will  ultimately  be 
achieved. 

The  United  States  are  also  planning  a  stupendous  at- 
tack  on  the  prairies,  but  their  immediate  objective  is  less 
ambitious  than  Russia's.  They  pian  to  restore  the  Great 
Plains  to  stability— to  a  state  of  equilibrium  in  which  men 
will  be  partners  in,  but  not  masters  of ,  the  naturai  economy. 
Mastership  may  come  later,  but  it  is  useless  to  pian  f  or  that 
before  the  potential  masters  bave  leamt  the  duties  of  part- 
nership. The  brute  skill  of  the  engineer  is  invoked  where 
the  land  has  been  tom  by  floods  and  gulHes,  but  since  the 
first  shock  of  the  retreat  (which  became  a  rout  after  1929) 
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from  the  Plains  has  passed,  engineering  has  been  relegated 
to  the  background  of  the  plans  for  the  renewed  attack 
on  a  nation-wide  front.  The  plans  centre  round  the  per- 
suasion  of  a  free  people  not  to  despoil  their  heritage  for  the 
sake  of  the  present  or  in  desperation  at  their  plight. 

Soil  conservation  began  by  the  retirement  of  derelict 
lands  from  cultivation  and  the  introduction  on  individuai 
properties  of  the  straightforward  conservation  measures 
that  have  already  been  described.  Retirement  of  land  at 
once  produced  the  social  problem  of  re-settlement,  the 
adoption  of  conservation  measures  imposed  additional  fi- 
nancial  burdens  on  the  good  farmer  and  placed  him  at  an 
economie  disadvantage  to  his  less  careful  neighbour.  Soil 
conservation  on  one  farm  was  often  wasted  eff ort  when  the 
adjoining  farms  were  left  unprotected.  It  was  seen  that 
soil  conservation  required,  firstly,  the  expenditure  of 
labour  on  the  land  without  regard  to  the  financial  return, 
and  secondly,  dose  and  sometimes  self-denying  co-opera- 
tion  between  individuai  landholders.  In  short,  it  required  a 
complete  reversai  of  the  prairie  farmer's  outlook  on  life— 
an  outlook  which  he  had  inherited  from  his  forefathers 
and  which  they  had  acquired  through  centuries  of  dose 
association  with  a  humid  environment.  It  was  not  sufficient 
to  send  teachers  to  explain  the  merits  of  terracing,  strip- 
cropping,  Hsting,  etc.  These  measures  do  not  make  the 
Great  Plains  humid.  It  is  difficult  to  change  an  ingrained 
human  attitude  to  the  land,  but  easier  than  to  change  the 
climate.  'The  basic  purposes  of  economie  life  do  not 
change.  The  desire  for  security,  stability,  a  rising  standard 
of  living,  increased  leisure,  self-expression  and  creative 
work,  remains  fairly  Constant.  It  is  the  ideas  conceming 
ways  and  means  by  which  these  objectives  may  be  achieved 
that  must  be  subject  to  revision.*^ 

In  The  Future  of  the  Great  Plains  are  listed  eleven  atti- 
tudes  of  mind  characteristic  of  the  prairie  settler  that  re- 
quire  modification.  Some  of  them  already  seem  irrational 

^The  Future  of  the  Great  Plains.  p.  63. 
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and  out  of  date,  nevertheless  they  have  become  firmiy 
implanted  in  the  settler  as  a  consequence  of  the  economie 
circumstances  prevailing  until  a  decade  or  two  ago,  and 
they  are  not  so  readily  uprooted  as  they  themselves  have 
uprooted  the  settler.  The  attitudes  of  mind,  indicating 
limitless  optimism  and  the  deceptive  sense  of  power  that 
Comes  from  wealth  too  easily  won,  are:  that  Man  conquers 
Nature;  that  naturai  resources  are  inexhaustible;  that 
habitual  practices  are  best;  that  what  is  good  for  the  in- 
dividuai is  good  for  everybody;  that  an  owner  may  do  with 
his  property  as  he  likes;  that  expanding  markets  will  con- 
tinue indefinitely;  that  free  competition  co-ordinates  indus- 
try  and  agriculture;  that  land  values  will  increase  indefi- 
nitely; that  tenancy  is  a  stepping-stone  to  ownership;  that 
a  factory  farm  is  generally  desirable;  and  that  the  individuai 
must  make  his  own  adjustments  to  calamity. 

These  attitudes  of  mind  have  determined  the  develop- 
ment  of  the  prairies  and  brought  them  to  their  present  con- 
dition.  They  are  the  naturai  attitudes  to  adopt  towards  an 
extremely  productive,  lifeless  naturai  resource,  as  the  soil 
was  supposed  to  be.  The  fact  that  the  soil  is  very  much 
alive  and  reacts  violently  against  any  treatment  which 
weakens  its  vitality  makes  ali  the  diff erence  in  the  attitude 
to  be  adopted  towards  it.  The  attitude  adopted  towards  the 
prairie  soils  was  essentially  that  which  European  farmers 
had  correctly  adopted  towards  humid  forest  soils,  but 
modified  in  the  wrong  way  by  the  greater  ease  with  which 
virgin  prairie  soils  can  be  exploited  by  modem  methods. 

Thus  the  basis  of  a  comprehensive  pian  for  rehabilitating 
the  prairies  must  be  mass-psychological.  The  mentality  of 
the  farming  community  must  be  adjusted  in  accor dance 
with  the  nature  of  the  soil,  or  more  accurately,  with  the 
nature  of  the  environment.  (Note  that  the  Russians,  con- 
fronted  with  much  the  same  problem,  propose  to  tackle  it 
by  adjusting  the  environment  to  a  preconceived  politicai 
State.)  Once  a  suitable  attitude  to  the  land  has  been  in- 
stilled  into  the  community,  the  use  of  soil-conservation 
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methods  will  become  almost  instinctive;  without  the  right 
attdtude  the  methods  will  be  used  under  constraint  or 
through  fear,  and  a  naturai,  lasting  stability  will  not  be 
achieved. 

Nobody  knows  what  the  right  attitude  should  be.  The 
pian  of  counter-attack  on  the  recently  victorious  aridity 
of  the  Great  Plains  consists  in  experimenting  with  numer- 
ous  social  and  economie  measures,  holding  on  to  the  ad- 
vantage  gained  if  the  experiments  show  signs  of  succeed- 
ing,  and  retreating  when  they  fail.  Groping  in  the  dark 
against  a  powerful  adversary  who  has  to  be  accommo- 
dated  rather  than  conquered,  democracy,  which  can  admit 
defeat,  is  better  placed  than  a  dictatorship  would  be.  The 
first  Agriculture  Adjustment  Act  misfired  and  the  Ad- 
ministration  retreated  to  renew  its  economie  attack  on  soil 
erosion  with  a  weapon  of  different  calibre.  Perhaps  it  at- 
tempted  too  much  in  coercing  industry  to  assist  an  unor- 
ganized  agriculture  to  put  its  house  in  order. 

The  reconstruction  of  rural  life  so  that  not  a  drop  of 
water  (the  shortage  of  which  alone  holds  back  the  advance 
on  the  prairies)  is  wasted,  is  the  real  basis  of  soil-conserva- 
tion  planning  in  the  Great  Plains.  America  does  not  and 
cannot  pian,  except  on  an  infinitesimal  scale,  to  increase 
the  water  supply  by  new  irrigation  works,  but  much  can 
be  done  to  increase  the  utility  of  the  available  water  dur- 
ing  its  passage  over  and  through  the  eanh.  'Hundred-per- 
cent  efficiency'  of  water  utilization  is  the  unattainable  ideal, 
but  a  very  much  higher  efficiency  can  be  achieved  than 
has  been  in  the  past. 

By  regarding  the  optimum  utilization  of  available  water 
as  the  key  to  soil  conservation  in  the  Great  Plains,  the  mat- 
ter  becomes  one  involving  the  entire  population,  since  un- 
less  everybody  gets  his  fair  share  of  water  the  social 
machine  is  liable  to  break  down.  If  farmers  get  more  than 
their  share  and  utilize  it  wastefully,  civic  supplies,  irriga- 
tion Works,  power  stations  and  navigation  may  go  short. 
The  first  aim  of  planning  is  to  ensure  that  crops  have 
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enough  water  to  produce  good  harvests,  as  f ar  as  possible 
adjusting  cropping  practices  with  a  view  to  maximum 
water  economy.  Then  ali  water  not  absorbed  and 
transpired  by  crops  must  be  protected  from  waste.  A  con- 
siderable  proportion  of  the  surplus  water  is  bound  to  be 
wasted  by  evaporation  and  little  can  be  done  to  reduce  this 
loss.  The  greatest  source  of  waste  that  can  be  controlied  is 
run-off .  Apart  from  the  fact  that  run-off  water  is  usually 
required  for  crop  growth,  any  subsequent  value  it  might 
bave  in  rivers  and  reservoirs  is  largely  negatived  by  the 
load  of  eroded  soil  which  it  carries.  Run-off  water  robs 
the  farmer  of  water  and  soil  and  disfìgiures  his  land  with 
gullies.  It  permanently  reduces  the  eif  ectiveness  of  the  rain- 
fall  by  removing  the  absorbent  topsoil,  it  silts  up  rivers 
and  reservoirs,  increases  the  flood  hazard,  destroys  fish 
spawning  grounds  and  upsets  the  naturai  balance  of  wild 
life.  Prevention  of  excessi  ve  run-off  and  its  inevitable  con- 
comitant  soil  erosion  is  therefore  by  ali  counts  the  most 
important  first  step  in  reviving  the  farms  and  cities  of  the 
Great  Plains.  It  has  been  estimated  that  up  to  50  per  cent 
of  the  total  rainfall  is  lost  in  run-off;  the  proportion  is 
lower  on  well-farmed  land,  but  much  higher  where  seri- 
ous  erosion  has  occurred. 

A  reduction  of  run-off  will  not  by  itself  restore  the 
Great  Plains  to  their  position  as  one  of  the  naturally  most 
productive  areas  in  the  world,  but  until  run-off  has  been 
permanently  stabilized  at  a  low  percentage  of  the  total  rain- 
fall it  would  be  fruitless  to  consider  further  possibilities  of 
social  and  economie  development.  The  effective,  as  dis- 
tinct  from  the  total,  rainfall  limits  both  the  population 
capacity  of  the  region  and  the  economie  activity  of  its 
people.  And  while  erosion  continues  the  effective  rainfall 
decreases.  It  has  been  estimated  that  not  less  than  165,000 
people  bave  moved  from  the  Great  Plains  since  1930. 

Reduction  of  run-off  would  be  a  simple  matter  were 
human  beings  automata,  but  since  (in  America  at  any  rate) 
they  are  not,  the  matter  becomes  very  complicated.  It  in- 
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volves  the  intricate  question  of  individuai  rights  to  water 
that  must  serve  the  whole  community  from  the  time  it  f alls 
on  to  the  ground  until  it  reaches  the  ocean.  The  organiza- 
tion  of  irrigation  communities,  based  on  water  rights,  was 
simple  in  comparison  since  the  supply  and  distribution  of 
water  could  be  very  largely  controlied  by  a  centrai 
authority.  Farming  under  irrigation  is  the  most  inde- 
pendent  of,  and  farming  under  semi-arid  conditions  the 
most  dependent  upon,  the  vagaries  of  weather. 

When  a  farmer  protects  his  land  against  erosion,  he 
usually  derives  almost  immediate  benefit  in  the  form  of 
better  harvests  and  a  greater  sense  of  security,  although 
these  benefits  do  not  necessarily  compensate  him  financially 
f  or  the  costs  of  protection.  His  neighbours  may  benefit  not 
only  through  the  cessation  of  soil  washing  or  drif ting  from 
the  protected  farm  but  also,  less  obviously,  through  the 
surplus  water  percolating  through  the  soil  and  being  stored 
f or  common  use  in  the  underground  reservoirs  which  feed 
wells  and  springs.  The  careful  farmer  thus  has  a  case  for 
claiming  that  his  neighbours  should  bear  part  of  the  cost 
of  conserving  his  soil.  At  the  same  time,  if  the  neighbours 
neglect  their  land,  the  careful  farmer's  good  works  may  be 
utterly  wasted;  he  should  therefore  be  able  to  insist  that  his 
neighbours  take  adequate  measures  to  conserve  their  own 
soils  and  should  be  prepared  to  pay  his  share,  propor- 
tionate  to  the  indirect  benefits  he  receives,  towards  the  cost 
of  protecting  the  region  from  excessive  run-oif  and  ero- 
sion. 

Regional  co-operation  against  erosion  is  thus  not  only 
highly  desirable  as  off  ering  a  united  front  against  the  com- 
mon enemy,  but  also  quite  acceptable  to  the  individualist 
farmer  whose  philosophy  is  that  a  man  pays  for  what  he 
gets,  and  gets  for  what  he  pays.  Co-operative  action  among 
landholders  has  been  mainly  a  naturai  growth  nurtured  on 
the  realization  that  something  decisive  had  to  be  done 
quickly,  and  that  the  co-operator  got,  on  the  whole,  a 
fairer  deal  than  if  he  stood  by  and  for  himself .  One  of  the 
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most  hopef ul  and  signifìcant  developments  in  co-operation 
is  the  growth  of  'soil-conservation  cfistricts'  which  may  be- 
come  miniature  States  within  States.  Co-operative  grazing 
associations,  permitting  their  members  to  graze  their  cattle 
under  control  on  common  pastures,  so  that  an  entire  range 
may  not  be  destroyed  by  overgrazing  on  its  most  valuable 
parts,  are  also  increasing  in  number.  Montana  has  estab- 
Hshed  by  statute  a  State  Grazing  Commission  with  authority 
to  supervise  the  operations  of  co-operative  grazing  asso- 
ciations. North  and  South  Dakota  have  passed  analogous 
statutes. 

Federai  and  State  authorities  are  enforcing  safe  land 
utilization  for  the  common  welfare  on  areas  under  their 
direct  control,  and  are  extending  their  control  by  acquir- 
ing  sub-marginal  or  exhausted  land  and  danger  spots.  The 
Taylor  Grazing  Act  was  designed  to  achieve  these  objects 
on  the  public  domain;  States  are  encouraged  to  pass  'rural- 
zoning'  Acts,  enabling  counties  or  districts  to  be  reserved 
for  special  purposes  such  as  f orestry,  grazing  or  recreation. 
The  whole  trend  of  evolution  on  the  Great  Plains  is 
towards  the  elimination  of  the  individuai  in  favour  of  the 
commune.  The  independent  capitalist  farmer  is  undergo- 
ing  graduai  self-liquidation  as  certainly  as,  though  less  dras- 
tically  than,  the  Russian  kulak  was  liquidated  in  the  years 
foUowing  the  revolution. 

This  trend  towards  a  corporate  society  in  the  Great 
Plains  has  only  been  apparent  for  a  short  time;  it  would 
be  rash  to  speculate  on  the  destiny  to  which  it  will  ulti- 
mately  lead  the  people.  It  has  been  a  naturai  reaction  to  the 
continued  destruction  of  the  land  and  it  is  operating  to  re- 
duce surface  run-off  and  erosion  and  to  increase  the  cffec- 
tive  rainfall.  A  time  will  come  (probably  not  before  set- 
backs  and  disappointments  have  been  endured)  when  the 
effective  rainfall  can  be  increased  no  more  by  human 
science  and  collaboration,  when  the  Plains  will  have  been 
restored  to  their  former  productivity  and  will  be  capable 
of  supporting  a  considerably  larger  population  than  hither- 
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to.  But  it  is  unbelievable  that  that  stage  should  mark  the 
end  of  their  progress  for  ali  time.  There  is  plenty  of  waste 
water  in  North  America.  What  we  are  now  observing  is 
merely  the  first  stage  of  weaving  the  disjointed  strands  of 
American  individualism  into  a  definite  pattern  harmonizing 
with  the  semi-arid  environment  of  the  Plains. 

We  may  perhaps  forecast  one  future  stage  in  the  evolu- 
tion  of  the  social  structure  that  is  rising  out  of  the  im- 
pulse to  make  better  use  of  the  rainfall.  When  the  rural 
soil-conservation  districts,  co-operative  associations  and 
the  rest  have  become  more  firmly  established  and  politi- 
cally  more  powerful,  they  will  be  in  a  position  to  point 
out  to  urban  communities  the  advantages  the  latter  derive 
from  a  safer  and  more  ampie  v^ater  supply,  and  to  claim 
as  a  right  the  material  co-operation  of  the  cities  in  restor- 
ing  the  countryside.  The  interdependence  of  town  and 
country  will  become  something  dose  and  real.  At  present 
the  much  talked-of  economie  interdependence  of  town 
and  country  is,  to  say  the  least,  some  what  vague;  certainly 
the  prosperity  or  otherwise  of  a  single  industriai  town 
need  have  little  effect  on  conditions  in  the  surrounding 
country.  But  when  the  bond  between  town  and  country 
is  recognized  to  be  f ormed  not  by  the  indirect  interchange 
of  produce  but  by  mutuai  co-operation  to  obtain  the 
greatest  use  from  a  limited  water  supply,  the  country,  upon 
the  utilization  of  which  the  dependability  of  the  water 
supply  largely  rests,  will  have  the  ruling  voice  in  determin- 
ing  its  relationships  to  the  towns.  It  has  frequently  been 
pointed  out  that  the  weakness  of  the  country's  present  posi- 
tion is  economie— that  industry  is  now  organized  to  main- 
tain  prices  by  varying  the  volume  of  production  to  the  cur- 
rent  demand,  whereas  agriculture  cannot  artificially  control 
prices  to  the  same  extent  and  can  only  meet  a  falling  de- 
mand and  falling  prices  by  increasing  production,  often 
with  disastrous  effects  both  on  the  farmers  and  their  land. 
Urban  prosperity,  indeed,  may  actually  be  bought  at  the 
price  of  rural  distress. 
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When,  however,  society  has  to  go  back  to  the  begin- 
ning  and  build  itself  up  on  a  new  basis,  when  the  stmggle 
for  existence  ceases  to  be  primarily  a  struggle  for  markets 
and  becomes  a  struggle  for  water,  the  power  of  the  coun- 
try in  relation  to  that  of  the  towns  will  increase.  The  men 
who  rule  the  rivers  according  to  the  way  they  manage  the 
land,  will  rule  the  nation.  They  may  not  have  the  wealth, 
but  coUectively  they  will  have  the  power  now  in  the  hands 
of  the  captains  of  industry.  Industry  will  become  the  hand- 
maid  of  a  balanced  and  fruitf ul  agriculture  upon  whose  en- 
during  prosperity  the  fate  of  the  towns  will  depend. 

Thus  the  f  oundations  of  a  new,  semi-arid  civihzation  will 
be  built  on  solid  earth.  The  average  level  of  bank  bal- 
ances  may  not  be  as  high  as  has  been  anticipated  for  the 
time  when  the  Plains  shall  have  been  restored  to  stability, 
since  it  will  no  longer  be  possible  to  cash  soil  fertility  at 
will.  In  the  exploitative  era,  however,  money  was  too 
easily  obtained  from  the  soil.  Building  foundations  is  hard 
work  and  there  is  very  little  to  show  for  it  immediately 
afterwards.  Hence  the  job  is  not  undertaken  and  carried 
through  except  under  compulsion  from  some  grave  and  per- 
sistent  adversity  such  as  soil  erosion. 

We  have  dealt  at  some  length  with  the  prospects  of  the 
Great  Plains  of  America  and  Russia  as  far  as  these  can  be 
judged  from  the  measures  now  being  taken  or  contem- 
plated  to  make  wind  and  water  the  servants  instead  of  the 
enemies  of  civilized  man.  The  plains  seem  destined  to 
nurture  the  next  civilization  if  they  can  survive  the  pains 
of  travail  which  they  are  now  suff ering.  Unless  the  Argen- 
tine becomes  an  unexpected  aspirant  for  the  honours,  the 
race  for  supremacy  on  the  plains  will  be  run  between 
North  America  and  Russia,  America  paradoxically  assimi- 
ing  for  the  time  being  the  role  of  the  tortoise  and  Russia 
that  of  the  bare.  No  imaginable  human  ingenuity  can 
bring  the  water  of  more  humid  lands  to  Australia.  She  can 
advance  to  the  limit  imposed  by  the  most  efficient  utiliza- 
tion  of  her  scanty  rainfall  and  rivers,  but  she  can  go  no 
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further.  South  Africa's  advance  will  be  checked  by  the 
inertia  and  low  intellectual  capacity  of  the  great  mass  of 
her  people  as  well  as  by  the  naturai  poverty  of  her  soils. 

We  can  foresee  no  great  future  for  civiHzation  in  the 
tropics.  The  main  energies  of  the  white  races  will  be  fuUy 
occupied  in  preserving,  if  possible,  their  dominant  posi- 
tion  on  temperate,  humid  soils  and  in  building  new  empires 
on  the  great  continental  plains.  Soil  erosion  can  be  pre- 
vented  by  adapting  to  tropical  agriculture  the  mechanical 
and  cultural  methods  which  are  proving  successful  in  tem- 
perate lands,  but  the  highly  developed  co-operative  or- 
ganization  and  social  interdependence  which  are  part  and 
parcel  of  soil  conservation  cannot  be  achieved  in  the  tropics 
except,  perhaps,  in  countries  like  Java  where  the  natiyes 
have  reached  a  relatively  advanced  stage  in  social  evolu- 
tion.  We  have  argued  in  Chapter  XX  that  soil  erosion  in 
tropical  Africa  presages  what  must,  from  the  European 
standpoint,  be  regarded  as  a  reversion  to  a  period  of 
feudalism.  In  a  feudal  society  in  which  the  land  was  con- 
trolied by  a  dominant  minority  and  worked  by  a  subject 
majority,  tropical  soils  could  be  safely  cultivated  and 
their  fertility  maintained  in  the  interests  and  service  of  a 
more  advanced  civilization.  Not  until  a  race  of  men  is 
born  that  cannot  only  live  and  multiply  in  humid  heat,  but 
can  also  perform  with  labour  and  intelligence  the  complex 
biological  fimctions  of  the  indigenous  vegetation,  will  the 
tropics  be  anything  more  than  a  luxury  or  a  hability  to 
their  colonial  rulers. 

Finally,  let  us  contemplate  the  prospects  for  Western 
Europe,  which  can  stili  claim  to  be  the  centre  of  modem 
civilization,  but  has  hardly  suffered  at  ali  from  the  de- 
struction  of  its  soils— that  otherwise  almost  universal  dis- 
ease  of  civilization.  The  area  that  has  escaped  erosion  rep- 
resents  a  distinct  ecological  region  of  humid  deciduous 
forest  whose  soils  were,  originally,  not  naturally  suited  to 
growing  the  grain  crops  upon  which  civilization  depends. 
The  conversion  of  the  humid  forest  environment  to  a 
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less  humid  agricultural  environment  in  which  wheat  could 
compete  successfuUy  with  the  indigenous  flora  was  a  tre- 
mendous  achievement.  Except  in  the  more  arid  Mediter- 
ranean  with  its  dry  summers,  deforestation  was  not  accom- 
panied  by  severe,  accelerated  erosion,  partly  because  of  the 
well-distributed,  gentle  rainfall,  partly  because  the  process 
was  so  graduai  that  soil  changes  could  keep  pace  with 
vegetation  changes.  Localized  erosion  has  occurred  on 
mountain  slopes,  in  France  and  Switzerland,  for  example, 
where  extensive  deforestation  has  been  done  for  lumbering 
rather  than  for  agriculture,  and  definite  evidence  of  former 
erosion  can  be  seen  on  the  now  grass-clad  hills  of  Wales. 

The  conversion  of  the  European  forest  lands  to  their 
present  condition  of  immense  agricultural  productivity  has 
taken  at  least  a  thousand  years  to  complete.  Little  technical 
progress  in  agriculture  took  place  in  the  early  stages  of  the 
conversion  while  the  soil  would  bave  been  particularly 
liable  to  deteriorate  under  flagrant  exploitation.  During 
the  Dark  and  Middle  Ages,  the  soils  were  not  subjected  to 
any  abnormal  strain  and  evolved  into  an  agricultural  type 
almost  as  naturally  as  though  agricultural  crops  had  some- 
how  supplanted  the  trees  without  human  intervention. 
When,  after  centuries  of  adolescence,  European  civiliza- 
tion  blossomed  out  in  the  nineteenth  century,  the  coun- 
tries  of  the  New  World  were  called  upon  to  feed  the 
flower.  The  enormous  increase  in  Europe's  population  was 
accomplished  without  disturbing  the  established  equilib- 
rium  between  humanity  and  the  soil  although,  as  we  bave 
seen,  it  has  very  clearly  prevented  equilibria  from  being 
established  elsewhere.  Europe  did  not  need  to  strain  the 
productive  capacity  of  her  soils  until  the  World  War;  new 
fertilizers  enabled  the  soils  to  produce  without  difficulty 
enough  to  make  good  any  year-to-year  deficiencies  from 
overseas. 

The  war  displayed  the  full  potentialities  of  European 
soils.  Within  four  years  the  overcrowded  warring  nations 
became  almost  self-sufficient  in  food.  It  was  not  a  com- 
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fortable  nor  a  lasting  self-sufficiency  but  then  the  main 
energies  of  the  nations  were  not  directed  towards  food  pro- 
duction. Since  the  war  economie  circumstances  have  com- 
pelled  them,  one  after  another,  to  perpetuate  policies  of 
self-sufficiency  and  thereby  to  give  a  great  impetus  to  the 
growing  movement  of  soil  conservation  in  the  rest  of  the 
world.  For  diverse  reasons  the  surpluses  producible  in  the 
thinly  populated  countries  will  not  again  be  freely  avail- 
able  to  Europe.  Whether  for  her  ultimate  good  or  not, 
Europe  will  have  to  rely  to  a  far  greater  extent  than  hither- 
to  on  her  own  soils  to  f eed  her  teeming  populations.  For  the 
first  time  since  they  came  under  cultivation  the  soils  will  be 
subjected  to  a  serious  strain. 

We  cannot  even  guess  whether  or  for  how  long  the  soils 
will  be  able  to  stand  the  strain.  A  comparable  situation  has 
never  arisen  before.  Our  knowledge  of  how  certain  soils 
react  to  certain  external  circumstances  is  derived  from  a 
few  years'  observation  only,  and  is  totally  inadequate  to 
help  US  bere.  It  may,  however,  be  regarded  as  highly  im- 
probable  that  the  soils  of  Western  Europe,  if  they  should 
become  exhausted  by  prolonged,  intensive  cultivation,  will 
ever  suffer  the  catastrophic  erosion  that  has  overtaken  the 
exploited  prairies  or  the  cut-over  forest  soils  of  Eastem 
America.  They  will  inevitably  grow  old,  but  they  will  not 
die.  A  graduai  deterioration  of  soil  structure,  imper- 
ceptible  perhaps  within  a  single  generation,  will  be  the 
most  probable  manifestation  of  the  strain  on  the  soils. 
Something— but  not  enough— is  being  done  in  most  coun- 
tries to  counteract  the  cumulative  ili  effects  on  soil  struc- 
ture of  a  falling  humus  supply,  increasing  acidity,  and  the 
single-minded  enthusiasm  of  ali  people  for  the  outward 
insignia  of  a  healthy  countryside— high  yields.  More  could 
be  done  if  the  principal  aim  of  agricultural  policy  were  to 
preserve  soil  structure  for  the  next  century  even  at  the  cost 
of  curtailing  production  and  weakening  the  first  line  of 
'national  defence'.  Were  another  war  to  come,  ploughs 
would  tear  up  the  structure -forming  meadows  and  pas- 
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tures,  humus-providing  animals  would  be  slaughtered,  soil 
improvement  would  be  neglected,  the  vital  reserve  of  soil 
fertility  would  be  mercilessly  broached.  Unlike  America, 
Europe  cannot  adopt  a  long-term  soil-conservation  policy 
in  which  the  eventuality  of  war  is  a  secondary  considera- 
tion.  Europe  must  build  for  the  immediate  future  which 
has  little  signifìcance  in  the  eternai  process  of  soil  evolu- 
tion. 

A  deterioration  of  the  soil  structure  slowly  built  up 
during  the  past  centuries  would  produce  conditions  f  avour- 
ing  a  less  exacting  flora  than  agricultural  crops.  Such  con- 
ditions would  not  necessarily  terminate  Man's  dominance 
over  the  soil.  A  highly  industrialized  civilization  does  not 
live  by  bread  alone.  To  an  ever-increasing  extent  it  needs 
wood— for  newspapers  and  books,  for  clothing,  for  fuel, 
for  explosives,  for  paints  and  vamishes  and  for  a  hundred 
other  things.  A  time  may  come  when  self-suificiency  in 
wood  is  more  urgent  than  in  wheat,  when  civilized  Europe 
will  welcome  and  encourage  the  irresistible  return  of  the 
forest  on  to  agricultural  land.  The  mild,  maritime  climate 
of  Western  Europe  is  a  guarantee  that  the  soils  will  not 
erode  away  as  a  result  of  any  conceivable  mismanagement. 
Our  civilization  will  be  spared  the  fate  that  overtook  its 
predecessors  but  in  the  end  the  f  orests  will  claim  back  their 
dominions  as  the  deserts  of  the  East  bave  claimed  back 
theirs. 
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fertility,  balance  of,  299,  301,  302, 

305 
forest,  IO,  88,  89,  92,  93,  96,  97,  98, 

120,  215,  245,  311 
formation,  3,  4 
granular,  31,  87,  89,  90,  91,  92,  94, 

95 
grassland,  io,  90,  92,  98 
mining,  120 
prairie,  245,  311 
productivity  reduced  by  erosion, 

3 
Research  Laboratory,  Swift  Cvur- 

rent,  Saskatchewan,  170 
saline,  94,  95 
semi-arid,  106,  305 
semi-desert,  94 
stability,  12,  14,  16,  85,  97,  98,  249, 

250 
structure,  88,  97,  98,  106,  107,  no, 

III,  t22,  305 
tilth,  90,  93 
tropical,  96,  97,  260 
type,  86,  125 


Soil,  wash,  73 
water-absorbing  capacity,   16,  91, 

IDI,  III 

Sorghum,  122,  128,  183,  190 

South  America,  47,  307 

South  Australia,  67,  68,  70,  72,  175, 

211 
South  Carolina,  40,  i^j,  18$ 
South  Dakota,  315 
Southern  Rhodesia,  56,  57,  140,  270 
Soviet  Central  Asia,  32 
Soy  beans,  122,  128 
Spineless  cactus,  56 
Spruce,  170 
Stamp,  L.  D.,  191 
Standard    State    Soil    Conservation 

Districts  Law,  248,  254 
Staples,  R.  R.,  56 
State  Grazing  Commission,  315 
Stebbing,  E.  P.,  64,  174,  179 
Stock  reduction,  286 
Stock-share  system,  41 
Stolypin  Agrarian  Reforms,  237 
Steppes,  33 
Stnp-cropping,  31,  38,  112,  124,  125, 

126,  129,  131,  135,  14S,  146,  162, 

188,  196,  250 
farming,  46,  255 
Sub-marginal  land,  io,  43,  243,  306 
Subsidies,  283,  284 
Sudan  grass,  128,  183,  190 
Summer  fallow,  45,  189,  190 
Swing,  R.  G.,  35,  44 
Switzerland,  319 
Swynnerton,  C.  F.  M.,  164 
Symbiotic  relationship,  272,  302 
Szechwan  Basin,  82 

Tanganyika  Territory,  57,  63,  144, 

153,  164,  171,  202 
Tarsus,  29 

Taylor  Grazing  Act,  242,  243,  315 
Tea,  79,  109,  132 
Temporary  ley,  146 
Tenancy,  short-term,  268 
Tennessee  River,  114,  116 
Tennessee  Valley  Authority,  40,  197, 

246,  248 
Termites,  210,  213 
Terraces,  28,  42,  47,  59,  80,  81,  102, 

105,  124,  127,  129,  131,  132,  133, 

134,  135,  136,  166,  iSOy  196 
bench,  105,  106,  l2^ 
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broad-base,  727,  129,  130,  131,  135 

contour,  105,  106 

design,  105,  106 

Mangum,  41,  130 

Nichols,  41,  130,  163 

outlets,  131 

stone,  132 
Texas,  162,  169,  /pJ,  2^2,233 
Thorp,  J.,  80 
Tigris,  7 

Timber-cutting,  32,  34,  53,  164,  165 
Timothy  (Phleum  pratense),  146 
Tobacco,  29,  97,  108,  122,  134 
Transkeian  Territories,  285 
Transpiratìon,  193,  201 
Trefoli,  146 
Trinidad,  48 

Triticum  x  Agropyron  hybrids,  190 
Trumpet    creeper    {Bignonia   radi- 

cans),  140 
Tsetse  fly,  51,  60,  160,  164 

Research     Department,    Tangan- 
yika,  57,  58 
Tung  oil,  134 
Turkana  Desert,  61,  62 
Turkestan,  173 
Turkey,  28,  198 
Turkeys,  209 
Turkmenistan,  173 

Uganda,  60,  62 
Ukamba  Reserve,  62 
Undergrazing,  144 
Underground  water,  16 
United  Provinces,  India,  121 
United  States,  5,  io,  35,  66,  67,  112, 
114,  116,  144,  160,  169,  171,  208, 
234,  240,  243,  244,  309,  317 
United  States,  Eastem,  94,  135,  233, 

234»  320 
United  States  Department  of  Agri- 
culture,  33,  36 
Biological  Survey,  37,  208 
Bureau    of    Agricultural    Econo- 
mics,  37 
Animai  Industry,  37 
Chemistry  and  Soils,  37 
Division    of    Forage    Crops    and 

Diseases,  36 
Extension  Siervice,  37 
Forest  Service,  36,  205,  208 
Soil  Conservadon  Service,  xiii,  xiv, 
XV,  xvi,  36,   119,  123,  135,  146, 


157,  199,  205,  208,  209,  220,  253 
Districts,  36,  37,  119,  199,  250, 

251,  252,  253,  314,  315 
Experiment  Stations,  36,  119 
Project  Scheme,  36,  119 
War  Department,  209 
United  States  Federai  Government, 

239,  241 
Upstream  engineering,  192 
Ural  watershed,  308 
U.S.S.R.,  32,  no,  169,  170,  176,  215, 

233,  237,  238,  245,  307,  317 
Utah,  /p,  270 

VaUeys,  116 

Vegetables,  118,  134,  176 
Vegetation,  86,  loi,  107,  147 
Veld,  52,  143 

management,  148,  152,  292 
Vetch,  128 
Victoria,  67,  72 
Victoria-Nyanza,  Lake,  62 
Virginia,  40 
Volga-Don  Canal,  309 

Wadis,  see  gullies 

Waite  Agricultural  Research  Insti- 

tute,  69,  71 
Wales,  31,  319 
Walls,  dry  stone,  29 
Washington  (State),  214 
Water  conservadon,   114,   124,   150, 
181,  192 

fiow  gauges,  199 

holes,  51,  151 

regime  of  rivers,  234 

rights,  314 

shortage,  50 

spreadmg,  44,  4S,  124,  151,  201 

supply,  113,  294,  306 
Watershed  areas,  288,  293 
Waterways,  grassed,  126,  172,  204 
Weather  forecast,  280 
Weeding,  clean,  79 

selecdve,  109 
Weeds,  ground  cover,  79,  108,  109 
Wells,  60 

Western  Australia,  67,  68,  72,  171 
West  Indies,  47 
Westover,  H.  L.,  33,  157 

-Enlow  expedidon,  157 
West  Suk,  Kenya,  62 
Wheat,  29,  67,  72,  ni,  128,  184,  226 
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Whitfield,  C.  J.,  183  Windward  Islands,  48 

Wild  bean  (Strophostules  helvola),  Wisconsin,  41 

140  Wool  production,  71 
Wild  life,  123,  142,  207 

Willows,  140,  171,  210  Yangtze  Basin,  83 

Wimmera  ryegrass,  156  Yellow  River,  6,  76,  81,  116 
Windbreaks,  33,  60,  72,  112,  170,  188 

Wind  velocity,  170,  185  Zululand,  53 


[332] 


•^^v- 


S        Dacks,  Graham  Vernon 

623        Vanishing  lands   ^-Ist  edo^ 

33 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

ERINDALE  COLLEGE  LIBRARY 


